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NO.  1 


MICROMETER-OBSERVATIONS   OF   THE   SATELLITES   OF   MARS, 

Bv  W.  W.  CAMl'ISELL. 


The  following  observations  of  the  satellites  of  Mars  were 
obtained  with  the  filar  micrometer  of  the  36-inch  equatorial. 
The  angles  were  observed  by  passing  a  wire  through  the 
satellite  and  the  estimated  center  of  gravity  of  the  jilanet's 
bright  disc.  Either  two,  three  or  four  —  for  the  most  part 
three  —  individual  measures  have  been  combined  to  form 
each  result  as  printed.  Each  observed  distance,  as  given, 
is  the  mean  of  two  measures.  The  distances  were  meas- 
ured either  from  the  nearer  limb  (or  terminator),  or  from 
the  farther  limb  (or  terminator),  or  from  the  two  in  succes- 
sion. In  the  column  "Observed  distance"  all  the  results 
opposite  or  following  the  mark  (*)  were  obtained  by 
measuring  from  the  nearest  limb  ( or  terminator) ;  all  the 
results  opposite  or  following  the  mark  (t)  were  obtained 
by  measuring  from  the  farthest  limb  (or  terminator)  ;  and 
all  the  results  opposite  or  following  the  mark  (})  were  ob- 
tained by  measuring  from  both  limb  and  terminator.  I 
regard  the  last  method  as  by  far  the  most  satisfactory, 
and  all  the  observations  subsequent  to  Oct.  25''  6''  42"  wexe 
made  in  that  manner. 

The  corrections  for  refraction,  Jp  and  Js,  were  computed 
by  Bessel's  method  as  given  in  Chauvenet's  Spher.  and 
Fract.  Asfron.,  Vol.  II,  e(iuations  (349)  [fifth  edition]. 

The  corrections  to  the  observed  angles  for  phase,  Jji', 
were  obtained  in  this  manner :  let  E  be  the  phase-angle  of 
3Iarg,  Q  the  position-angle  of  the  greatest  defect  of  illumi- 
nation, ;/  the  distance  from  the  center  of  gravity  of  the 
bright  disc  to  the  middle  of  the  line  joining  the  two  cusps, 
;•  the  radius  of  the  circular  disc,  n  the  ratio  3.1416,  and  ^; 
and  *■  the  position-angle  and  distance  of  the  satellite  ;  then 


and 


!/  = 


Jj/   = 


8 


.,E 


s'mQi-Q) 


The  corrections  to  the  observed  distances  for  phase  were 
computed  fronr  the  equation 

V  »•-  cos-(p — Q)+ir — q)'  siii'-(p — Q) 


in  which  '/  is  the  defect  of  illuiiiiuation  in  the  direction  Q. 
Those  distances  which  were  measured  from  the  terminator 
require  the  full  correction  Js' tor  phase.  Those  made  with 
reference  to  the  limb  require  no  correction  for  phase.  Those 
obtained  by  measuring  from  both  terminator  and  limb  in 
succession  require  the  correction  ^  /Is'.  The  required  val- 
ues of  the  correction  are  contained  in  the  column  /Is'. 

The  measures  made  from  both  terminator  and  limb  re- 
quire no  correction  for  semi-diameter.  Those  made  with 
reference  to  either  one  or  the  other  have  been  corrected 
by  applying  Hartwig's  value  of  the  semi-diameter  in- 
creased by  0".26.  The  diameters  of  Mars  measured  oii 
eleven  nights  were  greater  than  Hartwio's  by  the  follow- 
ing amounts  : 


0.54 

0.49 

0.56 

.61 

.42 

.63 

.45 

.54 

0.60 

0.40 

0.56 

Mean   =   0.53 

Therefore,  I  increased  Hartwig's  value  of  the  semi- 
diameter  by  0".26. 

As  far  as  possible  I  have  used  Marth's  notation,  and 
both  in  the  observations  and  reductions  I  was  continually 
indebted  to  his  ephemeris. 

E.  B.  Campbell  rendered  efticient  assistance  by  noting 
the  time  and  keeping  the  records  during  a  large  [lart  of  tlie 
observations. 


Pac.  Standard  Time 
1894 

h       III       s 

Oct.     5  12  51  IS 

12  55  42 
9  13  34  10 

13  37  20 

14  11  30 
14  14  55 
14  35  43 
14  40  28 


Position-Angles 

Observed 
angle 


J;, 


P/in/jos. 
Jp' 


t  orrected    Xo. 
))         Obs. 


70.98 

0.00 

+  0.04 

71.02 

68.95 

0.00 

+  0.05 

(iO.OO 

231.48 

0.00 

-0.07 

231.41 

231.27 

0.00 

-0.07 

231.20 

222.18 

0.00 

-0.09 

222.09 

221.32 

0.00 

-0.10 

221.22 

213.40 

0.00 

-0.13 

213.27 

211.06 

0.00 

-0.14 

210.92 

(1) 
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I'ac.  SUndard  Time 
18U4 

b       in       8 

y  14  44  20 
10  15  ;{7  28 
15  40  47 
15  45  5 
12  i;{  37  22 
13  40  25 
13  43  14 

13  59  5;t 

14  2  19 
14  51  52 

14  5G  10 

15  0  29 
IG  14  40  43 

14  43  S 

14  46  40 

15  2  54 
25  7  48  37 

7  50  21 
S  50  7 

8  51  59 
8  57  44 

8  59  19 

9  42  9 
9  43  57 

11  5  G 

11  11  7 

27  9  G  24 

9  8  57 

9  12  10 

10  4G  20 

1(1  49  55 

10  53  45 

10  57  24 

11  1  29 
11  20  12 

311  G  4S  S 
G  50  7 
7  22  53 
7  25  35 

1  50 
G  12 

2  IS 
8  13 

G  45  55 

G  50  33 

10  10  15 

10  13  25 

11  G  43 
11  10  56 
14  2  59 

7  49 

3  48 
7  7  23 
7  55  8 
7  58  57 

24  27 

27  43 
5  32 

11  30  I 

28  15 


14 
14 
15 
15 


Nov. 


14 

7 


8 
8 
9 
9 


13 


Observed 
angle 

209.65 

63.15 

61.81 

60.87 

62.03 

60.93 

59.82 

55.20 

54.57 

42.50 

41.31 

39.72 

219.75 

218.72 

217.22 

210.28 

62.49 

62.35 

44.32 

43.66 

41.60 

41.10 

19.20 

17.09 

257.42 

253.57 

252.77 

251.20 

249.36 

220.22 

218.95 

217.72 

216.07 

214.27 

202.70 

2:!4.98 

234.05 

225.70 

225.29 

236.92 

235.40 

225.40 

223.47 

71.39 

69.84 

268.05 

264.09 

240.02 

238.57 

253.32 

250.99 

75.05 

73.78 

54.55 

53.25 

46.43 

44.56 

29.08 

25.46 

236.61 


0.00 

0.00 

0.01 

■  0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

'     0.00 

0.00 

+  0.01 

+  0.01 

0.00 

,     0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

+  0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

+  0.02 

+  0.02 

+0.01 

+  0.01 

-0.01 

-0.01 

0.00 

+  0.01 

+  0.02 

+  0.02 

0.00 

0.00 

0.00 

0.00 

-0.01 

-0.01 

+0.01 

+  0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


-Jp' 

-o!l6 

+  0.04 

+  0.04 

+  0.04 

+  0.03 

+  0.03 

+  0.03 

+0.03 

+0.03 

+  0.05 

+  0.06 

+0.06 

0.00 

0.00 

0.00 

0.00 

+0.01 

+  0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.03 

-0.04 

-0.02 

-0.02 

-0.02 

-0.02 

-0.02 

+  0.02 

+0.03 

+  0.03 

+  0.03 

+  0.04 

+  0.06 

+  0.01 

+0.01 

+  0.03 

+0.03 

+0.01 

+0.01 

+  0.03 

+0.04 

+  0.03 

+0.03 

-0.14 

-0.12 

+  0.02 

+0.02 

-0.05 

-0.03 

+  0.08 

+  0.07 

-0.08 

-0.09 

-0.13 

-0.15 

-0.33 

-0.36 

+  0.10 


( 'orrected 
f 

209^49 
63.19 
61.84 
60.90 
()2.06 
60.96 
59.85 
55.23 
54.60 
42.55 
41.37 
39.78 
219.75 
218.72 
217.22 
210.28 
62.51 
62.37 
44.31 
43.65 
41.59 
41.09 
19.17 
17.05 
257.40 
253.55 
252.76 
251.18 
249.34 
220.24 
218.98 
217.75 
216.10 
214.31 
202. 7G 
235.01 
234.08 
225.74 
225.33 
236.92 
235.40 
225.43 
223.52 
71.44 
69.89 
267.91 
263.97 
240.04 
238.59 
253.26 
250.95 
75.14 
73.86 
54.47 
53.16 
46.30 
44.41 
28.75 
25.10 
236.71 


No. 

Obs. 

3 
3 
3 
4 
3 
4 
3 
2 

3 
3 


3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
2 

3 

3 

3 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


rosrrioN-ANGLEs 
Pac.  Standard  Time     Observed 

Nov.  13 


14     5 


OF  rhtihos — Cont. 


^94 

angle 

J;- 

Jp< 

>l    111    s 

o 

o 

7  31  5 

234.81 

0.00 

+  0.12 

8  5  16 

224.01 

0.00 

+0.22 

s  s  40 

222.45 

0.00 

+  0.24 

11  57  35 

44.65 

0.00 

-0.21 

12  0  51 

44.02 

0.00 

-0.22 

5  43  26 

252.84 

+  0.03 

-0.07 

5  47  1 

250.32 

+  0.03 

-0.04 

7  42  21 

208.71 

0.00 

+0.50 

11  34  19 

28  22 

0.00 

-0.48 

11  37  34 

26.06 

0.00 

-0.53 

13  40  17 

246.79 

-0.01 

0.00 

13  44  44 

244.57 

-0.01 

+0.03 

13  58  37 

239.76 

-0.01 

+0.08 

14  2  4 

239.09 

-0.01 

+  0.08 

5  48  4 

236.00 

+  0.01 

+  0.21 

5  5]  14 

234.7G 

+  0.01 

+  0.21 

9  23  20 

60.50 

0.00 

-0.11 

9  26  53 

59.06 

0.00 

-0.13 

9  43  58 

53.81 

0.00 

—  0.20 

9  59  18 

49.63 

0.00 

-0.27 

10  3  17 

48.15 

0.00 

-0.29 

10  17  1 

44.00 

0.00 

—  0.3G 

Corrected 

234^93 

224.23 

222.69 

44.44 

43.80 

252.80 

250.31 

209.21 

27.74 

25.53 

246.78 

244.59 

239.83 

239.16 

236.22 

234.98 

G0.;i9 

58.93 

53.61 

49.36 

47.86 

43.64 


DiSTANCK.S    IIF    PllohoK. 


Oct. 


Pac.  Standard  Time 
1894 

h   111   s 

9  13  47  0 
13  55  45 

13  59  55 

14  4  5 
14  7  55 
14  21  45 
14  24  10 
14  26  0 
14  29  12 

14  30  40 
10  15  20  22 

15  22  25 
15  25  30 
15  29  17 
15  32  57 
13  47  31 
13  49  24 
13  51  46 
13  53  59 
13  56  16 
15  20  16 
15  21  59 
15  23  29 
15  24  59 
15  2G  14 
15  28  29 
15  m  56 
15  33  14 
15  34  49 

7  53  16 
7  54  39 
7  56  24 
7  57  56 
7  59  26 


Y. 


25 


Observed 
distance 

29"s0t 

28.91 

28.26 

27.62 

27.35 

24.60* 

24.07 

23.33 

22.98 

22.44 

21.22 

21.96 

22.44 

23.74 

24.38 

27.99 

28.39 

28.65 

29.03 

29.12 

21.36 

20.80 

20.72 

20.05 

19.73 

19.0  It 

18.44* 

17.81* 

17.41 

27.67* 

27.68 

28.19 

28.12 

28.42 


+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
+  0.01 
+  0.01 
+  0,01 
+0.01 
+  0.01 
+  0.01 
+0.01 
+0.01 
+0.01 
0.00 
0.00 
+  0.02 
+0.01 
0.00 
0.00 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 


0.00 
0.00 
0.00 
0.00 
0.00 
-0.09 
-0.09 
-0.09 
-0.08 
-0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0  00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
+  0.03 
+0.02 
0.00 
0.00 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02  1 


No. 
Obs 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


f'orrected 
.s 

29'lsi 

28.92 

28.27 

27.63 

27.36 

24.51 

23.98 

23.24 

22.90 

22.36 

21  22 

21.96 

22.44 

23.74 

24.39 

28.00 

28.40 

28.  G6 

29.04 

29.13 

21.37 

20.81 

20.73 

20.05 

19.73 

19.06 

18.47 

17.81 

17.41 

27.66 

27.67 

28.18 

28.11 

28.41 
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DiSTANC'E.S    OK    J'/idI/os {kmt. 


I'ac.  Standard  Tiinu 
1894 

li      III      > 


Observod 
distance 


Corrected 


Js' 


Oct. 


•>: 


27 


)  8     0 

51 

28.39 

S     2 

36 

-  28.54 

8     4 

1 

28.55 

8     5 

49 

28.82 

8     7 

4 

28.92 

8     8 

54 

29.02 

8  10 

34 

29.02 

8   11 

44 

29.49 

8  13 

4 

29.33 

8   14 

24 

29.35 

8  16 

29 

29.56 

8  18 

16 

29.40 

8   19 

51 

29.58 

8  21 

1 

29.59 

8  22 

1 

29.35 

8  23 

9 

29.36 

8  25 

1 

29.67 

8  26 

6 

29.55 

8  28 

6 

29.30 

8  29 

49 

29.34 

8  31 

29 

29.42 

8  34 

24 

29.16 

8  36 

16 

29.00 

8  37 

14 

29.17 

8  38 

16 

29.07 

8  42 

19 

28.66 

8  43 

26 

28.62 

8  44 

54 

28.38 

8  46 

14 

28.08 

9     6 

I 

25.02 

9     7 

19 

24.89 

9   10 

24 

24.23 

9   11 

56 

23.84 

9   13 

49 

23.54 

9   14 

46 

V3.51 

9  15 

46 

23.23 

9   16 

59 

22.95 

9   18 

6 

22.63 

9   19 

26 

22.24 

9  20 

26 

22.03 

9  21 

29 

21.94 

9  22 

24 

21.84 

9  23 

31 

21.43 

9  24 

36 

21.09 

9  2o 

36 

21.01 

9  26 

39 

20.49 

9  27 

39 

20.26 

9   29 

4 

19.95 

9  30 

6 

19.65 

9   33 

14 

18.93 

9  34 

14 

18.68 

9  35 

21 

18.48 

9  36 

26 

17.90 

9   38 

4 

17.71 

9  39 

26 

17.12 

9  50 

52 

27.43 

9  53 

39 

28.02 

9  57 

35 

28.11 

10     0 

14 

28.10 

10     2 

52 

28.40 

10     4 

52 

28.26 

+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 

+  0.01 

+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.0! 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
0.00 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 


—  0.02 

28.38 

—0.02 

28.53 

—0.02 

28.54 

—0.02 

28.81 

—0.02 

28.91 

—0.02 

29.01 

—0.02 

29.01 

—0.02 

29.48 

—  0.02 

29.32 

—0.02 

29.34 

—0.02 

29.55 

—0.02 

29.39 

—0.02 

29.57 

—0.02 

29.58 

—0.02 

29.34 

—0.02 

29.35 

—0.02 

29.66 

—0.02 

29.54 

—0.02 

29.29 

—0.02 

29.33 

—0.02 

29.41 

-0.02 

29.15 

—  0.02 

28.99 

—0.02 

29.16 

—0.02 

29.06 

—0.02 

28.65 

—0.02 

28.61 

—0.02 

28.37 

—0.02 

28.07 

—0.02 

25.01 

—0.02 

24.88 

—0.02 

24.22 

—0.02 

23.83 

—0.02 

23.53 

—0.02 

23.50 

—0.02 

23.22 

—0.02 

22.94 

—0.02 

22.62 

—0.02 

22.23 

—0.02 

22.02 

—0.02 

21.93 

—0.02 

21.83 

—0.02 

21.42 

—0.02 

21.08 

—0.02 

21.00 

—0.02 

20.48 

—0.02 

20.25 

-0.02 

19.94 

—0.02 

19.64 

—6.01 

18.93 

—0.01 

18.68 

—0.01 

18.48 

—0.01 

17.90 

—0.01 

17.71 

—0.01 

17.11 

+  0.04 

27.48 

+  0.04 

28.07 

+  0.04 

28.16 

+  0.04 

28.15 

+  0.04 

28.45 

+  0.04 

28.31 

UlSTANCKS    OK    F]loll(. 


Pac.  standard  Tiim^ 

1S',)4 


Oct.    27  10 


30 


Nov. 


29 

10  12  9 
10  15  14 
10  17  15 
10  19  12 
10  21  22 
10  24  10 
10  26  9 
10  28  37 
10  36  34 
10  38  2 
10  39  52 
10  41  40 
10  43  25 


11 

11 

11 

11 

11 

6 

6 

6 

6 

7 

7 

7 


5  44 

8  7 

9  49 
12  25 
16     4 

55  0 

56  57 

58  17 

59  46 
1  35 
3   17 


00 

42 


8  40 

10  32 

11  42 
13  20 
15  45 
19  32 


14  34 
14  36  5 
14  38  27 
14  40  47 
14  43  47 
14  46  12 
14  48  35 
14  52  35 
14  55  57 
6  58  9 
16  28 
22  33 
24  55 
26  23 
32  18 
34  53 
36  15 
38  0 
40  38 
42  40 

44  3 

45  23 

46  35 

47  45 

49  35 

50  55 

51  48 
3  48 


()l).sorvcd 
dhstanoe 

28.45 

28.22 

28.10 

27.97 

27.61 

27.56 

27.42 

27.29 

26.98 

26.02 

25.69 

25.34 

25.20 

24.75 

20.14 

19.93 

19. -23 

18.72 

17.88  " 

27.55 

27.46 

27.47 

27.55 

27.58 

27.53 

27.51 

27.63 

27.32 

27.11 

27.21 

27.09 

27.01 

26.63 

27.43 

27.72 

27.64 

27.40 

27.40 

27.26 

27.31 

26.81 

26.37 

24.47 

26.75 

27.55 

27.74 

27.74 

27.96 

28.37 

28.09 

28.23 

28.23 

28.26 

28.36 

28.22 

28.24 

28.03 

28.09 

28.10 

27.76 

26.87 


J.S- 

+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.02 
+0.02 
+  0.02 
+  0.02 
+  0.02 
+  0.02 
+  0.03 
+  0.03 
+  0.03 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 
+  0.01 


Cont. 

J.s' 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.04 

+  0.03 

+  0.03 

+  0.03 

+  0.03 

+  0.03 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

+  0.06 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 

—0.10 


Corrected 
,s 

28.50 

28.27 

28.15 

28.02 

27.66 

27.61 

27.47 

27.34 

27.03 

26.07 

25.74 

25.39 

25.25 

24.80 

20.18 

19.97 

19.27 

18.76 

17.92 

27.62 

27.53 

27.54 

27.62 

27.65 

27.60 

27.58 

27.70 

27.39 

27.18 

27.28 

27.16 

27.08 

26.70 

27.51 

27.80 

27.72 

27.48 

27.48 

27.34 

27.40 

26.90 

26.46 

24.38 

26.66 

27.46 

27.65 

27.65 

27.87 

28.28 

28.00 

28.14 

28.14 

28.17 

28.27 

28.13 

28.15 

27.94 

28.00 

28.01 

27.67 

26.78 
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Distances  of  Phohos  — 

Pao.  .Standaril  Time 

Obsorvcil 

1894 

distances 

Js 

li       ni       8 

r 

f 

Nov.    2     8     j   10 

27.00 

+  0.01 

8     7  43 

26.50 

+  0.01 

8     ;»  53 

26.43 

+  0.01. 

10  16  4:? 

16.14 

0.00 

10    18   28 

16.81 

0.00 

10  20     0 

17.12 

0.00 

10  21   48 

17.70 

0.00 

10  23  -.'3 

17.88 

0.00 

11    15  33 

26.80 

+  0.01 

11    17  23 

26.95 

+  0.01 

11    ly   10 

26.97 

+  0.01 

11   21     3 

26.92 

+  0.01 

11   23     3 

27.14 

+  0.01 

1 1   24  33 

27.06 

+  0.01 

11   26   18 

27.13 

+  0.01 

11   29  30 

27.20 

+  0.01 

11  31   53 

27.08 

+  0.01 

11   33  40 

27.13 

+  0.01 

11   35  43 

27.07 

+  0.01 

11   38     8 

26.82 

+  0.01 

11   40     8 

26.72 

+  0.01 

11   42     0 

26.50 

+  0.01 

11  44  53 

26.60 

+  0.01 

11   46  55 

26.53 

+  0.01 

11  48  58 

26.39 

+  0.01 

6   14  42  57 

25.49 

+  0.02 

14   45  49 

2.^.77 

+  0.02 

14   47   24 

2.i.36 

+  0.02 

14  50  54 

25.33 

+  0.02 

14  54  37 

2.i.6l 

+  0.03 

14  58  34 

25.83 

+  0.03 

0     7  14  27 

21.98 

+  0.01 

7  23  54 

23.80 

+  0.01 

7  26   10 

24.01 

+  0.01 

7  29  33 

24.88 

+  0.01 

7  33  45 

24.96 

+  0.01 

7  36  55 

25.66 

+  0.01 

7  40  45 

2.T.52 

+  0.01 

7  43  55 

2.5.63 

+  0.01 

7  47  35 

26.44 

+  0.01 

8    .3  25 

26.73 

+  0.01 

8     6     5 

26.63 

+  0.01 

8     9     2 

26.26 

+  0.01 

8  13  25 

26.22 

+  0.01 

8  16  27 

26.45 

+  0.01 

8   18  22 

26.17 

+  0.01 

9   16  50 

17.05 

0.00 

9    19   50 

16.50 

0.00 

10   6   4.".    11 

26.40 

+  0.01 

6  47  46 

26.40 

+  0.01 

6  50  31 

26.83 

+  0.01 

6  53  43 

26.36 

+  0.01 

6  56     6 

26.20 

+  0.01 

7     0     3 

26.48 

+  0.01 

7     3  21 

26.41 

+  0.01 

7     5   13 

26.44 

+  0.01 

10  38     5 

24.95 

+  0.01 

10  40  35 

24.88 

+  0.01 

10  42  57 

24.97 

+  0.01 

10  45   17 

25.10 

+  0.01 

10  47  55 

1     25.14 

+  0.01 

Cont. 

DlSTANTK.S    OK    I'llnliDX  - 

('out. 

Corrected 

I'ac.  Standard  T 

iiiu- 

( >l]served 

f'lilTcctcd 

J.s' 

s 

1S04 

(listaUL-es 

J« 

J»' 

,s 

^ 

„ 

ll           111          11 

n 

II 

t/ 

tt 

— O.U) 

26.91 

Nov.  10   10  50 

22 

25.02 

+  0,01 

+  C.22 

25.25 

—0.10 

26.41 

10  52 

17 

25.04 

+  0.01 

+  0.22 

25.27 

—0.10 

26.34 

10  54 

30 

24.98 

+  0.01 

+  0.22 

25.21 

+  0.10 

16.24 

10  56 

35 

25.00 

+  0.01 

+  0.22 

25.23 

+  0.10 

16.91 

10  59 

17 

24.94 

+  0.01 

+  0.21 

25.16 

+  0.10 

17.-.'-.' 

11      2 

15 

24.72 

+0.OI 

+  0.21 

24.94 

+  0.10 

17.80 

11      4 

35 

24.68 

+  0.01 

f  0.21 

24.90 

+  0.10 

17.98 

11      6 

t 

24.52 

+  0.01 

+  0.21 

24.74 

+  0.10 

26.91 

11    10 

0 

24.06 

+  0.01 

+  0.21 

24.28 

+  0.10 

27.06 

13     7  34 

28 

24.21 

+  0.01 

+  0.26 

24.48 

+  0.10 

27.08 

7  36 

40 

24.45 

+  0.01 

+  0.25 

24.71 

+  0.10 

27.03 

7  38 

55 

24.75 

+  0.01 

+  0.25 

25.01 

+  0.10 

27.25 

7  41 

3 

24.52 

+  0.01 

+  0.25 

24.78 

+  0.10 

27.17 

7  43 

33 

24.42 

+  0.01 

+  0.25 

24.68 

+  0.10 

27.24 

7  45 

33 

24.51 

+  0.01 

+  0.25 

24.77 

+  0.10 

27.31 

7  48 

25 

24.31 

+  0.01 

+  0.25 

24.57 

+  0.10 

27.19 

7  51 

58 

24.13 

+  0.01 

+  0.25 

24.39 

+  0.10 

27.24 

7  54 

3 

24.06 

+  0.01 

+  0.24 

24.31 

+  0.10 

27.18 

7  55 

45 

23.96 

+  0.01 

+  0.24 

24.21 

+  0.10 

26.93 

7  58 

0 

23.65 

+  0.01 

+  0.24 

23.90 

+  0.10 

26.83 

8     0 

10 

23.77 

+  0.01 

+  0.24 

24.02 

+  0.10 

26.61 

8     2 

15 

23.46 

+  0.01 

+  0.24 

23.71 

+  0.10 

26.71 

11   33 

53 

26.03 

+  0.01 

—0.25 

25.79 

+  0.10 

26.64 

11  36 

5 

25.86 

+  0.01 

—0.25 

25.62 

+  0.10 

26. .iO 

11   37 

30 

25.76 

+  0.01 

—0.25 

25.52 

+  0.16 

25.67 

11   39 

35 

25.82 

+  0.01 

—0.25 

25.58 

+  0.16 

25.95 

11   42 

28 

25.58 

+  0.01 

—0.25 

25.34 

+  0.16 

25.54 

11   44 

38 

25.53 

+  0.01 

—0.24 

25.30 

+  0.16 

25.51 

11   46 

13 

25.51 

+  0.01 

—0.24 

25.28 

+  0.16 

25.80 

11   47 

50 

25.34 

+  0.01 

—0.24 

25.11 

+  0.16 

26.02 

11   50 

13 

25.28 

+  0.01 

—0.24 

25.05 

—0.20 

21.79 

11   52 

35 

24.89 

+  0.01 

—0.24 

24.66 

—0.20 

23.61 

14     5  51 

41 

20.18 

+  0.01 

+  0.28 

20.47 

—0.20 

23.82 

5  54 

26 

20.35 

+  0.01 

+  0.28 

20.64 

—0.20 

24.69 

5  57 

13 

21.00 

+  0.01 

+  0.28 

21.29 

—0.20 

21.77 

6     0 

31 

21.35 

+  0.01 

+  0.28 

21.64 

—0.20 

25.47 

6     2 

38 

21.86 

+  0.01 

+  0.28 

22.15 

—0.20 

25.33 

6     4 

41 

21.72 

+  0.01 

+  0.28 

22.01 

—0.20 

25.44 

6  31 

24 

23.98 

+  0.01 

+  0.28 

24.27 

—0.20 

26.25 

6  33 

17 

24.17 

+  0  01 

+  0  28 

24.46 

—0.19 

26.55 

6  34 

44 

23.89 

+  0.01 

+  0.27 

24.17 

—0.19 

26.45 

6  36 

14 

24.24 

+  0.01 

+  0.27 

24.52 

—0.19 

26.08 

6  38 

37 

24.22 

+  0.01 

+  0.27 

24.50 

—0.19 

26.04 

6  41 

42 

24.25 

+  0.01 

+  0.27 

21.53 

-0.19 

26.27 

6  43 

42 

24.28 

+  0.01 

+  0.27 

24.56 

—0.19 

25.99 

6  45 

4 

24.38 

+  0.01 

+  0.27 

24.66 

—0.10 

16.95 

6  46 

20 

24.09 

+  0.01 

+  0.27 

24.37 

—0.10 

16.40 

6  48 

23 

24  08 

+  0.01 

+  0.27 

24.36 

—0.22 

26.19 

6  49 

58 

24.05 

+  0.01 

+  0.27 

24.33 

—0.22 

26.19 

6  51 

58 

23.91 

+  0.01 

+  0.27 

24.19 

—0.22 

26.62 

7  46 

33 

16.47 

+  0.01 

+  0.17 

16.65 

—0.22 

26.15 

7  48 

48 

15.64 

0.00 

+  0.16 

15.80 

—0.22 

25  99 

7  50 

35 

15.09 

0.00 

+  0.16 

15.25 

—0.22 

26.27 

7   .">2 

30 

14.65 

0.00 

+  0.15 

14.80 

—0.22 

26.20 

10   21 

30 

25.26 

+  0.01 

—0.28 

24.99 

—0.22 

26  23 

10  23 

10 

25.34 

+  0.01 

—0.28 

25.07 

+  0.22 

25.18 

10  25 

0 

25.45 

+  0.01 

—0.28 

25.18 

+  0.22 

25.11 

10  26 

52 

25.52 

+  0.01 

—0.27 

25.26 

+  0.22 

25.20 

10  28 

30 

25.45 

+  0.01 

—0.27 

25.19 

+  0.22 

25.33 

10  30 

20 

25.42 

+  0.01 

—0.27 

25.16 

+  0.22 

25.37 

10  31 

42 

25.28 

+  0.01 

—0.27 

25.02 

No. 
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DlSTAMK.S     OK    J'/lfi/l(lS  ^   Vout. 

Pa< 

'.  Standanl  'Piiiie         Obsoi-vcd                                              C'drrectpd 

18!U                        distances           J.s                Js'                  .v 

li          tii          s                          "                                    "                               "                                 " 

No\ 

. 14    10  33     2 

25.42 

+  0.01 

—0.27 

25.16 

10  34    15 

25.33 

+  0.01 

—0.27 

25.07 

10  35   22 

25.50 

+  0.01 

—0.27 

25.24 

11    41   57 

16.34 

+  0.01 

—0.16 

16.19 

11   44  30 

15.72 

+  0.01 

—0.15 

15.58 

11    49   42 

14.71 

+  0.01 

—0.14 

14.58 

13   18     4 

17.86 

+  0.01 

+  0.28 

18.15 

13   25   16 

19.01 

+  0.01 

+  0.28 

19.30 

13  28  34 

19.53 

+  0.02 

+  0.28 

19.83 

13  34   19 

20.45 

+  0.02 

+  0.28 

20.75 

14     9     9 

24.26 

+  0.03 

+  0.28 

24.57 

14   13     4 

23.75 

+  0.04 

+  0.27 

24.06 

14    16     9 

24.25 

+  0.04 

+  0.27 

24.56 

14  20      1 

24.29 

+  0.04 

+  0.27 

24.60 

22     5  54  49 

21.83 

+  0.01 

+  0.38 

22.22 

5  56  42 

21.78 

+  0.01 

+  0.38 

22.17 

6     0  59 

21.74 

+  0.01 

+  0.37 

22.12 

6     6     4 

21.92 

+  0.01 

+  0.37 

22.30 

9  31    50 

23.11 

+  0.01 

—0.39 

22.73 

9  34  52 

23.40 

+  0.01 

—0.39 

23.02 

9  37     7 

23.49 

+  0.01 

—0.39 

23.11 

9  40  32 

23.28 

+  0.01 

—0.38 

22.91 

9  47  10 

23.63 

+  0.01 

—0.38 

23.26 

9   49   20 

23.48 

+  0.01 

—0.38 

23.11 

9  51   18 

23.68 

+  0.01 

—0.37 

23.32 

9   54     0 

23.58 

+  0.01 

—0.37 

23.22 

10     7  28 

23.03 

+  0.01 

—0.35 

22.69 

10     9  21 

22.94 

+  0.01 

—0.35 

22.60 

10   11      8 

22.70 

+  0.01 

—0.35 

22.36 

10   12  56 

22.57 

+  0.01 

—0.35 

22.23 

Position-Ancles  of  Dciinds. 

Pac. 

.Standard  Time     Observed                                       Corrected  No. 

LSfi4                     angle             Jp             Jp'              p          Obs. 

)ct 

ll          III         s                      ° 

5    12   4  1    10         95.07 

0.00 

—0.05 

95.02 

3 

12  44   42 

93.86 

0.00 

—0.05 

93.81 

2 

13      1    10 

89.10 

0.00 

—0.03 

89.07 

3 

13     5  42 

88.20 

0.00 

—0.03 

88  17 

2 

10   14  23  38 

85.54 

0.00 

0.00 

85.54 

3 

14   27     0 

84.68 

0.00 

0.00 

84.68 

2 

14  47  35 

80.45 

—0.01 

0.00 

80.44 

2 

14  51    13 

79.57 

—0.01 

0.00 

79.56 

3 

16     4  45 

68.63 

—0.01 

+  0.01 

68.63 

3 

16     7  50 

68.30 

—0.01 

+  0.01 

68.30 

2 

16  36  47 

65.39 

—0.01 

+  0.01 

65.39 

3 

11      8     6  56   j 

243.91 

+  0.04 

—0.01 

243.94 

3 

8     9  29 

243.56 

+  0.03 

—0.01 

243.58 

3 

8    15  46 

242.84 

+  0.03 

—0.01 

242.86 

4 

8  44  39 

240.76 

+  0.02 

—0.02 

240.76 

3 

8  49  23  ' 

240.25 

+  0.02 

—0.02 

240.25 

3 

8  53   17 

240.18 

+  0.02 

—0.02 

240.18 

4 

9  20  28 

238.01 

+  0.01 

—0.02 

238.00 

3 

9  24  40 

237.65 

+  0.01 

—0.02 

237.64 

4 

9  28   16 

237.24 

+  0.01 

—0.02 

237.23 

3 

10   15   19 

234.31 

0  00 

—0.02 

234.29 

3 

10  20     8 

234.21 

0.00 

—0.02 

234.19 

4 

10  23  46 

233.90 

0.00 

—0.02 

233.88 

3 

10  47  14 

232.62 

0.00 

—0.02 

232.60 

3 

10   50      1 

232.31 

0.00 

—0.02 

232.29 

2 

11    21    11 

230.50  ! 

0.00 

— c 

.02 

230 

.48  1 

3 

Pac. 


Oct. 


Nov. 


l'()sn'iox-AN<;i.K 

s   (IF   Delniiis  —  Colli.. 

Standanl  'rime 

Observc( 

Corrected    IS'o. 

18!)4 

angle 

J/' 

Jp'              p           Obs 

11   ii'2i"';ir 

230.12 

0.°00 

— 0°02 

230. 1 0 

2 

11    44   4  1 

228.72 

0.00 

—0.02 

228.70 

2 

11    47  21 

228.59 

0.00 

—0.02 

228.57 

3 

12     8  35  44 

358.13 

—0.02 

+  0.09 

358.20 

3 

8  39  41 

356.42 

—0.02 

+  0.09 

356.49 

3 

8  47   15 

352.52 

—0.02 

+  0.09 

352.59 

4 

9    18    12 

337.11 

—0.01 

+  0.09 

337.19 

3 

9   21      1 

335.14 

—0.01 

+  0.09 

335.22 

4 

9   24   19 

332.67 

—0.01 

+  0.09 

;!32.75 

3 

9   4  7   29 

318.17 

0.00 

+  0.07 

318.24 

3 

9   50  4  5 

316.64 

0.00 

+  0.07 

316.71 

4 

9  54     7 

314.11 

0.00 

+  0.07 

;  314.18 

3 

10   19   22 

299.25 

0.00 

+  0.05 

299.30 

3 

10   21    25 

298.66 

0.00 

+  0.05 

298.71 

4 

10  23  21 

297.75 

0.00 

+  0.05 

297.80 

3 

15  54  14 

237.18 

—0.01 

—0.01 

237.16 

3 

15  57  41 

237.07 

—0.01 

—0.01 

237.05 

2 

16  28  59 

234.96 

—0.01 

—0.01 

234.94 

2 

16  31   54 

234.75 

—0.01 

—0.01 

234.73 

3 

24  12  33     9 

74.88 

0.00 

+  0.01 

74.89 

3 

•    12  37  49 

74.20 

0.00 

+  0.01 

74.21 

3 

13   14     2 

69.83 

0.00 

0.00 

69.83 

3 

13   20   29 

68.84 

0.00 

0.00 

68.84 

3 

>a     6   44  27 

237.35 

+  0.04 

0.00 

237.39 

3 

6  4  6   54 

237.09 

+  0.04 

0.00 

237.13 

3 

7     8  39 

235.99 

+  0.02 

0.00 

236.01 

3 

7   11    29 

235.65 

+  0.02 

0.00 

235.67 

3 

7  24   12 

234.54 

+  0.02 

0.00 

234.56 

3 

7  26  26 

234.30 

+  0.02 

0.00 

234.32 

3 

7  44  59 

233.15 

+  0.01 

0.00 

233.16 

3 

>7     6  40  12 

46.59 

+  0.02 

—0.01 

46.60 

3 

6   4  4   52 

46.37 

+  0.02 

—0.01 

4  6.38 

3 

8    12   25 

39.02 

—0.01 

—0.01 

39.00 

ri 

8   16  37 

38.27 

— O.OI 

—0.01 

38.25 

3 

8  43  39 

35.55 

0.00 

—0.01 

35.54 

3 

8  47  32 

35.37 

0.00 

—0.01 

35.36 

3 

12     2     7 

349.35 

0.00 

—0.06 

349.29 

3 

12     9  22 

34  6.17 

0.00 

—0.06 

346.11 

3 

12    14  40 

343.53 

0.00 

—0.06 

343.47 

4 

12  46   17 

327.20 

0.00 

—0.07 

327.13 

3 

12  51    54 

323.77 

0.00 

—0  07 

323.70 

3 

12  56     2 

321.72 

0.00 

—  0.07 

321.65 

4 

13  23     7 

306.94 

0.00- 

—0.06 

306.88 

3 

13  31    17 

303.00 

0.00 

—  0.06 

302.94 

3 

13  37     1 

300.32 

0.00 

—0.06 

300.26 

4 

0     6  23  28 

245.34 

+  0.04 

0.00 

245.38 

3 

6   26  42 

244.64 

+  0.04 

0.00 

244.68 

3 

7  46    15 

237.75 

+  0.01  ' 

0.00 

237.76 

3 

7  49  52 

237.52 

+  0.01 

0  00 

237..53 

3 

8   13  28 

235.95 

0.00 

+  0.01 

235.96 

3 

8   16     0 

235.56 

0.00 

+  0.01 

235.57 

3 

2     8  21   40 

78.39 

+0.01  ! 

+  0.03 

78.43 

3 

8  26  43 

77.50 

+0.01  ; 

+  0.03 

77.54 

3 

6   12  23     2 

22.00 

0.00 

—0.13 

21.87 

3 

12   29   22 

20.49 

0.00 

—0.14 

20.35 

3 

12  58  40 

14.34 

0.00 

—0.17 

14.17 

3 

13     3  45 

13.15 

0.00  ! 

— 0.1R 

12.97 

3 

i:;  36  4  9 

3.32 

+  0.01 

—0.23 

3.10 

3 

7   12  46  23 

57.49 

0.00 

—0.02 

57.47 

3 

12  50  43 

57.10 

0.00 

—0.02 

57.08 

3 

13  23  20 

54.60 

0.00  1 

—0.03 

54.57 

3 
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Position-Angles  ok  J)c!i>i(>s. 

Distances  <ik  Jhimo.f  — 

C'oiit. 

I'ac 

Slamlar.1  Time    Observed                                    Cor"3cted  No. 

Pac.  Standiuil  'I'iiiif 

( )l)served 

Corrected 

1894                     anglo            Jp             Jp'               P          Obs. 

18114 

distances 

J.-<' 

ti 

Nov 

Il          111         8 

.  7   13  26  35 

54.30 

0.00 

—0.03 

54.27 

3 

Oct.    11     9'3s"'48'' 

72.07 

+  0.02 

— O.'lO 

71.99 

14     9  38 

51.22 

0.00 

—0.03 

51.19 

3 

9   41    11 

72.37 

+  0.02 

—0.10 

72.29 

14   13     5 

50.94 

0.00 

—0.04 

50.90 

3 

9   43  51 

72.58 

+  0.02 

—0.10 

72.50 

14  51  41 

47.90 

0.00 

—0.04 

47.86 

3 

10  30     8 

74.34 

+  0.02 

—0.09 

74.27 

15     2  20 

46.99 

+  0.01 

—0.04 

46.96 

3 

10  33   26 

74.39 

+  0.02 

—0.09 

74.32 

9     6  27  53 

263.10 

+  0.02 

—0.07 

263.05 

3 

10  35  53 

74.34 

+  0.02 

—0.09 

74.27 

6  32  23 

261.98 

+  0.02 

—  0.07 

261.93 

3 

10  38    U 

74.39 

+  0.02 

—0.09 

74  32 

9  30  37 

241.35 

0.00 

+  0.01 

241.36 

3 

10  42  43 

74.64 

+  U.02 

—0.09 

74.57 

9  35   17 

240.83 

0.00 

+  0.01 

240.84 

3 

10  53  58 

74.79 

+  0.02 

—0.09 

74.72 

10  11   27  44 

283.95 

0.00 

—0.21 

283.74 

3 

10  56  23 

75.05 

+  0.02 

—0.09 

74.98 

11  32  45 

282.25 

0.00 

—0.20 

282.05 

3 

10  59      1 

74.72 

+  0.02 

—0.09 

74.65 

13      5  45     4 

234.31 

+  0.02 

+  0.05 

234.38 

3 

11      1   33 

74.99 

+  0.02 

—0.09 

74.92 

6  25   19 

231.78 

+  0.01 

+  0.06 

231.85 

3 

11     3  36 

75.03 

+  0.02 

—0.09 

74.96 

7     6  39 

228.20 

0.00 

+  0.07 

228.27 

3 

11     6  23 

75.07 

+  0.02 

—0.09 

75.00 

14     6  20  59 

282.91 

+  0.01 

—0.26 

282.66 

3 

11    10     1 

74.97 

+  0.02 

—0.09 

74.90 

6  26  27 

281.04 

+0.01 

—0.25 

280.80 

3 

11    13   13 

74.97 

+  0.02 

—0.09 

74.90 

8     3     5 

258.98 

0.00 

—0.07 

258.91 

3 

11   28      1 

74.56 

+  0.02 

—0.08 

74.50 

8     7  10 

258.28 

0.00 

—0.06 

258.22 

3 

U   30  41 

74.65 

+  0.02 

-0.08 

74.59 

12     0  47 

235.07 

0.00 

+  0.05 

235.12 

3 

11   33   16 

74.55 

+  0.02 

—0.08 

74.49 

12     5     0 

234.79 

0.00 

+  0.05 

234.84 

3 

n   34  53 

74.49 

+  0.02 

—0.08 

74.43 

12  36  39 

232  57 

0.00 

+  0.06 

232.63 

3 

11   37  51 

74.55 

+  0.02 

—0.08 

74.49 

12  40  35  j 

232.02 

0.00 

+  0.06 

232.08 

3 

11   51   43 

73.84 

+  0.02 

—0.08 

73.78 

22  11    13     8 

103.96 

0.00 

+  0.42 

104.38 

3 

11   55   11 

73.96 

+  0.02 

—0.08 

73.90 

11    24   28  1 

99.78 

—0.01 

+0.37 

1 00. 1 4 

3 

12     8  54    19 

26.77 

+  0.01 

0.00 

26.78 

8  57   11 

26.66 

+  0.01 

0.00 

26.67 

Distances  op  Deimos. 

8  53  34 

26.26 

+  0.01 

0.00 

26.27 

9     0     4 

26.26 

+  0.01 

0.00 

26.27 

Pac 

Standard  Time        Observed                                           Corrected 
1804                   distances           Js               J.^'                .f 

9     2  46 

25.68 

+  0.01 

0.00 

25.69 

Il           111           s                               "                                         "                                      "                                    " 

9     6   14 

25.44t 

+  0.02 

0.00 

25.46 

Oct. 

10   14  34  57 

\     39.75* 

+  0.01 

0.00 

39.76 

9     7  46 

25.38 

+  0.02 

0.00 

25.40 

14  37   12 

40.44 

+  0.01 

0.00 

40.45 

9     8  46 

25.50 

+  0.02 

0.00 

25.52 

14  39  45 

40.75 

+  0.01 

0.00 

40.76 

9  10  21 

25.19 

+  0.02 

0.00 

25.21 

14  41   40 

41.07 

+  0.01 

0.00 

41.08 

9   12     4 

24.83 

+  0.02 

0.00 

24.85 

14  44     5 

41.38 

+0.01 

0.00 

41.39 

9  28  49 

23.57 

+  0.02 

0.00 

23.66 

15     1   22 

44.47 

+  0.01 

0.00 

44.48 

9  30  46 

23.40 

+  0.02 

0.00 

23.42 

15     4     0 

44.97 

+  0.01 

0.00 

44.98 

9  33     1 

23.87 

+  0.02 

0.00 

23.89 

15     6  55 

45.56 

+  0.01 

0.00 

45.57 

9  34  46 

23.51 

+  0.02 

0.00 

23.53 

15     9  20 

46.07 

+  0.01 

0.00 

46.08 

9  36     C 

23.84 

+  0.02 

0.00 

23.86 

15   11   50 

46.37 

+  0.01 

0.00 

46.38 

9  39    14 

23.83* 

+  0.01 

—0.02 

23.82 

16   12  12 

56.42 

+  0.03 

0.00 

56.45 

9   40  49 

23.66 

+  0.01 

—0.03 

23.64 

16   14  50 

56.51 

+  0.03 

0.00 

56.54 

9   41    54 

23.90 

+  0.01 

—0.03 

23.88 

16  23  25 

57.92 

+  0.03 

0.00 

57.95 

9  43     6 

23.53 

+  0.01 

—0.03 

23.51 

16  30  35 

j     59.23 

+  0.04 

0.00 

59.27 

9  44  31 

23.84 

+  0.01 

—0.03 

23.82 

16  33   17 

59.34 

+  0.04 

0.00 

59.38 

9  57  26 

24.33 

+  0.01 

—0.04 

24.30 

16  43   12 

61.10 

+  0.05 

0.00 

61.15 

9  58  34 

24.43 

+  0.01 

-^0.04 

24.40 

16  46  32 

61.69 

+  0.05 

0.00 

61.74 

9  59  36 

23.93 

+  0.01 

—0.04 

23.90 

16  50  37 

62.08 

+  0.05 

0.00 

62.13 

10     0   19 

24.14 

+  0.01 

—0.04 

24.11 

16  54  32 

62.54 

+  0.06 

0.00 

62.60 

10     1      9 

24.4  2 

+  0.01 

—0.04 

24.39 

l6  58  20 

63.11 

+  0.06 

0.00 

63.17 

10     2   .-iO 

24 . 1 3t 

+  0.02 

0.00 

24.15 

11     8  25  26 

65.69 

+  0.02 

—0.10 

65.61 

10     3   31 

24.58 

+  0.02 

0.00 

24.60 

8  27  58 

65.43 

+  0.02 

—0.10 

65.35 

10     5   16 

24.64 

+  0.02 

0.00 

24.66 

8  30  36 

65.75 

+  0.02 

—0.10 

65.67 

10     6  44 

24.38 

+  0.02 

0.00 

24.40 

8  34     6 

66.44 

+  0.02 

—0.10 

66.36 

10     8     6 

24.64 

+  0.02 

0.00 

24.66 

8  37   11 

66.68 

+  0.02 

—0.10 

66.60 

16     3     9 

72.39* 

+  0.04 

—0.07 

72.36 

8  59  36 

67.94 

+  0.02 

—0.10 

67.86 

16     6  39 

72.36 

+  0.05 

—0.07 

72.34 

9     2  48 

68.56 

+  0  02 

—0.10 

68.48 

16   10  34 

73.24t 

+  0.06 

—0.03 

73.27 

9     6  56 

68.50 

+0.02 

—0.10 

68.42 

16   14  46 

73.55t 

+  0.07 

0.00 

73.62 

9  10  23 

68.84 

+  0.02 

—0.10 

68.76 

16   17  41 

73.37 

+  0.07 

0.00 

73.44 

9  13     1 

69.39 

+  0.02 

—0.10 

69.31 

16  39     7 

74.49 

+  0.09 

0.00 

74.58 

9  33  21 

71.87 

+0  02 

—0.10 

71.79 

16  46     6 

74.77 

+  0.09 

0.00 

74.86 

9  35  48 

72.0( 

) 

+  0. 

02 

—0 

.10 

71 

.92 

16  48  39 

75.01: 

+  0.09 

—0.03 

75.07 
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Dl.STANCKS    OK    l>fi 


-Coiit. 


Pao.  Stiuulard  Time 
1804 


Oil.    1: 


25 


27 


30 


( )bserve(l 
ilistaiices 


J,s 


Corrected 


Nov. 


16  54   36 

74.87* 

+  0.09 

—0.07 

74.89 

16  59  59 

75.16 

+  0.09 

—0.07 

75.18 

6  52   21 

71.22 

+  0.02 

0.00 

71.24 

6  55     9 

70.99  + 

+  0.03 

+  0.02 

71.04 

6  57  11 

71.061 

+  0.03 

+  0.04 

71.13 

6  59  41 

71.09 

+  0.03 

+  0.04 

71.16 

7     1   31 

71.27  + 

+  0.03 

+  0.02 

71.32 

7     3  56 

71.42* 

+  0.02 

0.00 

71.44 

7   14  49 

71.62 

+  0.02 

0.00 

71.64 

7  16  54 

71.71^ 

+  0.02 

+  0.02 

71.75 

7  18     4 

71.73t 

+  0.03 

+  0.04 

71.80 

7  19  29 

72.01 

+  0.03 

+  0.04 

72.08 

7  20  44 

71.74  + 

+  0.02 

+  0.02 

71.78 

7  22     1 

72.04* 

+  0.02 

0.00 

72.06 

7  30     4 

72.28 

+  0.02 

0.00 

72.30 

7  31   56 

72.11  + 

+  0.02 

+  0.02 

72.15 

7  35     4 

72.101 

+  0.02 

+  0.04 

72.16 

7  36  46 

72.03 

+  0.02 

+  0.04 

72.09 

7  39  24 

72.17  + 

+  0.02 

+  0.02 

72.21 

7  41   46 

72.63* 

+  0.02 

0.00 

72.65 

6  53     7 

68.65  + 

+  0.02 

—0.04 

68.63 

6  57  24 

67.78 

+  0.02 

—0.04 

67.76 

6  59  57 

67.57 

+  0.02 

-0.04 

67.55 

8  22  54 

60.11 

+  0.01 

—0.03 

60.09 

8  25  10 

60.15 

+  0.01 

—0.03 

60.13 

8  27  29 

59.70 

+  0.01 

—0.03 

59.68 

8  29  55 

59.34 

+  0.01 

—0.03 

59.32 

8  32     2 

58.97 

+  0.01 

—0.03 

58.95 

8  34  29 

58.72 

+  0.01 

—0.03 

58.70 

8  37  22 

58.50 

+  0.01 

—0.03 

58.48 

8  39  57 

57.98 

+  0.01 

—0.03 

57.96 

12  20  37 

27.07 

+  0.01 

—0.01 

27.07 

12  23  49 

26.90 

+  0.01 

0.00 

26.91 

12  27  26 

26.60 

+  0.01 

0.00 

26.61 

12  33  12 

25.98 

+  0.01 

0.00 

25.99 

12  35  44 

26.40 

+  0.01 

0.00 

26. 41 

12  40  42 

25.98 

+  0.01 

0.00 

25.99 

13     2  42 

25.76 

+  0.01 

0.00 

25.77 

13     7  14 

25.62 

+  0.01 

0.00 

25.63 

13   10  42 

25.90 

+  0.01 

0.00 

25.91 

13   13  27 

25.97 

+  0.01 

0.00 

25.98 

13  16  34 

25.89 

+  0.01 

0.00 

25.90 

13  18  52 

26.39 

+  0.01 

0.00 

26.40 

6  32     2 

62.17 

+  0.03 

+  0.06 

62.26 

6  34  38 

62.02 

+  0.03 

+  0.06 

62.11 

6  417 

63.04 

+  0.03 

+  0.06 

63.13 

6  43     5 

63.50 

+  0.03 

+  0.06 

63.59 

7  55     7 

68.57 

+  0.02 

+  0.06 

6S.65 

7  57  38 

68.98 

+  0.02 

+  0.06 

69.06 

8     0  30 

68.67 

+  0.02 

+  0.06 

68.75 

8     3  30 

69.11 

+  0.02 

+  0.06 

69.19 

8     5  57 

69.08 

+  0.02 

+  0.06 

69.16 

8     8  35 

69.49 

+  0.02 

+  0.06 

69.57 

8  47  50 

70.39 

+  0.02 

+  0.06 

70.47 

8  51   20 

70.18 

+  0.02 

+  0.06 

70.26 

8  53  27 

70.27 

+  0.02 

+  0.06 

70.35 

8  56  55 

70.32 

+  0.02 

+  0.06 

70.40 

9     1   55 

70.29 

+  0.02 

+  0.06 

70.37 

9     9     2 

70.30 

+  0.02 

+  0.06 

70.38 

8  31   40 

49.01 

+  0.01 

—0.10 

48.92 

8  34  43 

49.31     1 

+  0.01 

—0.10 

49.22 

l)l.STA.\('KS    OF    D/'imoS Coilt. 


I'ac.  standard  Tiiiu' 
1WI4 


Nov- 


Ob.served 
distances 


Corrected 


.    2     8  38   10 

49.64 

+  0.01 

—0.10 

49.55 

8  44  30 

50.85 

+  0.01 

—0.10 

50.76 

8  47  35 

51.25 

+  0.01 

—  0.10 

51.16 

8  50     5 

61.50 

+  0.01 

—  0.10 

51.41 

6   12  37  29 

40.14 

+  0.02 

-0.08 

40.08 

12  40  22 

39.81 

+  0.02 

—  0.08 

39.75 

12  43     4 

39.09 

+  0.02 

—0.08 

39.03 

12  45   12 

39.07 

+  0.02 

—0.07 

39.02 

12  47  42 

38.47 

+  0.02 

—0.07 

38.42 

12  50    12 

38.34 

+  0.02 

—0.07 

38.29 

13  45  34 

30.63 

+  0.01 

—0.03 

30.61 

13  48  59 

30.16 

+  0.01 

—0.03 

30.14 

13  52  27 

29.99 

+  0.01 

-0.02 

29.98 

14   19     4 

27.01 

+  0.01 

—  0.01 

27.01 

14  22  52 

26.73 

+  0.01 

—0.01 

26.73 

14  27  29 

26.72 

+  0.01 

—0.01 

26.72 

14  31    19 

26.46 

+  0.01 

0.00 

26.47 

14  38  32 

26.09 

+  0.01 

0.00 

26.10 

7  12  57  55 

65.71 

+  0.03 

—0.18 

65.56 

13     1   43 

65.68 

+  0.03 

—0.18 

65.53 

13     4  25 

65.76 

+  0.03 

—0.18 

65.61 

13     6  20 

65.80 

+  0.04 

—0.18 

65.66 

13     9     5 

65.58 

+  0.04 

—0.18 

65.44 

13   12   10 

65.78 

+  0.04 

—0.17 

65.65 

13   16  45 

66.07 

+  0.04 

—0.17 

65.94 

13  31     0 

66.48 

+  0.04 

—0.17 

66.35 

13  34  40 

66.53 

+  0.05 

—  0.17 

66.41 

13  39   15 

66.49 

+  0.05 

—0.17 

66.37 

13  42  50 

66.88 

+  0.05 

—0. 1  7 

66.76 

13  49     5 

66.75 

+  0.05 

—0.17 

66.63 

13  53  30 

66.32 

+  0.05 

—  0.17 

66.20 

13   58     0 

66.42 

+  0.06 

—0.17 

66.31 

14     0  58 

66.52 

+  0.06 

—0,17 

66.41 

14  18  33 

66.06 

+  0.07 

—0.17 

65.96 

14   22   50 

65.98 

+  0.08 

—0-17 

65.89 

14   31    45 

66.24 

+  0.09 

—0.17 

66.16 

14  38   10 

66.05 

+  0.09 

—0.17 

65.97 

14  45   18 

65.14 

+  0.10 

—0.16 

65.08 

9     6  41   35 

42.61 

+  0.02 

+  0.19 

42.82 

6  46   15 

43.66 

+  0.02 

+  0.20 

43.88 

6  53  55 

44.64 

+  0.02 

+  0.20 

44.86 

6  58  20 

44.67 

+  0.02 

+  0.20 

44.89 

9  41    12 

61.65 

+  0.02 

+  0.20 

61.87 

9  45     7 

61.89 

+  0.02 

+  0.20 

62.11 

9  48  48 

62.53 

+  0.02 

+  0.20 

62.75 

9  51   33 

62.25 

+  0.02 

+  0.20 

62.47 

9  59  27 

63.01 

+  0.02 

+  0.20 

63.23 

10     3  55 

62.94 

+  0.02 

+  0.20 

63.16 

13     5  51   42 

61.90 

+  0.02 

+  0.26 

62.18 

5  59  29 

62.09 

+  0.02 

+  0.26 

62.37 

6     5  47 

62.31 

+  0.02 

+  0.26 

62.59 

6   10   17 

62.15 

+  0.02 

+  0.25 

62.42 

6   15   17 

62.10 

+  0.02 

+  0.25 

62.37 

6   19     9 

62.67 

+  0,02 

+  0.25 

62.94 

7  13  30 

60.89 

+  0.01 

+  0.24 

6i.l4 

7  15  48 

60.81 

+  0.01 

+  0.24 

61.06 

7  19     3 

60.40  ,. 

+  0.01 

+  0.24 

60.65 

7  22     6 

60.66 

+  0.01 

+  0.24 

60.91 

14     6  55  50 

34.04 

+  0.01 

+  0.23 

34.28 

6  58  58 

33.87 

+  0.01 

+  0.23 

34.11 

7     2  25 

34.60 

+  0.01 

+  0.24 

34.85 
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DisTANi  i:.-<   OK   Delmos  — 

Cont. 

I'ac. 

Slamlnnl  'riiiif 

( )l).scrve»l 

Corrected 

1S'."4 

ilistjinops 

J.V 

J.V' 

s 

sov 

1 

11    8 

ni       ^ 

13  49 

43.51 

+  0.01 

+  0^28 

43*80 

8 

15  34 

44.01 

+  0.01 

+0.28 

44.30 

8 

17  11 

44.26 

+  0.01 

+  0.28 

44.55 

8 

18  17 

44.72 

+  0.01 

+  0.28 

45.01 

8 

20  29 

44.68 

+  0.01 

+  0.28 

44.97 

12 

13  40 

61.80 

+  0.02 

+  0.27 

62.09 

12 

20  12 

61.58 

+  0.02 

+  0.27 

61.87 

12 

23  42 

61.90 

+  0.02 

+  0.27 

62.19 

12 

25  27 

61.59 

+  0.02 

+  0.27 

61.88 

12 

27  22 

61.78 

+  0.02 

+  0.27 

62.07 

12 

29  32 

61.62 

+  0.02 

+  0.27 

61.91 

12 

32     7 

61.79 

4-0.02 

+  0.27 

62.08 

22  11 

31   36 

29.14 

+  0.01 

—0.31 

28.84 

11 

36  31 

30.26 

+  0.01 

—0.32 

29.95 

11 

40  -18 

30.46 

+  0.01 

—0.33 

30.14 

11 

43  34 

31.00 

+  0.01 

—0.33 

30.68 

11 

46  29 

31.13 

+  0.01 

—0.34 

30.80 

11 

51   26 

31.50 

+  0.01 

—0.35 

31.16 

22   11 

56  11 

32.25 

+  0-.01 

—0.35 

31.91 

The  observations  were  distributed  us  advantageously  as 
possible  in  the  different  parts  of  the  orbits ;  but  the  atmos- 
pheric and  other  conditions  combined  to  prevent  all  obsf.r- 
vations  of  Delmos  in  that  part  of  its  orbit  lying  between 
position-angles  105°  and  228°.  In  general,  micrometer  ob- 
servations were  not  made  when  the  seeing  was  suftieiently 
good  to  permit  study  of  the   fi'atnn-s  of  the  surface  of  the 

planet. 

After  reducing  my  oliseivations  of  P/iohos  up  to  aiul  in- 
cluding Nov.  y,  which  covered  six  elongations,  I  noticed 
that  the  eastern  elongation-distance  was  nearly  1"  greater 
than  the  western.  An  examination  of  Trofessor  Hall's 
1877  observations  showed  that  the  western  elongation-dis- 
tance was  then  about  2".2  greater  tliau  the  eastern.  If  tlie 
orbit  had  remained  unchanged  from  1877,  the  western  di.s- 
tance  in  1894  should  have  been  about  1".<S  greater  than  the 
eastern.  The  change  of  nearly  2".S  was  evidence  of  a 
marked  transfcu-mation  of  the  orbit  during  the  years  1877- 
1894.  The  line  of  apsides  has  jirobably  revolved,  owing 
to  a  polar  compression  of  the  jdanet.  After  November  9, 
I  observed  as  nuxny  elongations  as  possible,  and  all  confirm 
the  change.  By  combining  the  observations  nuide  within  a 
few  minutes  of  the  elongation-times,  I  obtained  the  excess 
or  deficiency  of  the  elongation-distances  compaied  with 
Maktu's  value  of  the  semi-axis,  as  follows  : 

Mt.  Hamilton,  1894  Der.  .11. 


0  U  It  N 

A  I.. 

K.  Eloi 

gatiou 

W.  KImi 

j;:iliii[i 

Oct.  •-'.") 

+  0.4(i 

( tct.  27 

—  U.,'>, 

Nov.    2 

+  0..") 

.".() 

-(l.(!l' 

9 

+().;i2 

Nov.    2 

—  O.L'."> 

10 

+  0.42 

10 

-d.r.i 

14 

+  0t41 

I." 

-(t.27 

•>•> 

+  0.4". 

14 

-0.27 

14 

-0.27 

*>*> 

—  O.()0 
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Tlie  complete  reilvictions  will  cliangc  these  tigurcs  a  few 
hundredths  of  a  second. 

There  are  strong  indications  from  the  niiseivations  of 
Deimos  that  the  orbit  of  that  satellite  has  been  similarly 
transformed  ;  but  the  evidence  is  not  so  conclusive  as  in  the 
case  of  Fhohos,  since  the  orbit  of  the  latter  is  tlie  more 
eccentric.  From  the  observations  made  within  a  few  min- 
utes of  the  elongation-times,  I  obtained  the  excess  or  defi- 
ciency of  the  elongation-distances  compared  with  Ma  urn's 
value  of  the  semi-axis  as  below  ; 


E.  Elongation 

W.  Elongation 

Oct.  12      +0.2 

Oct.  11     —  O.Ki 

Nov.    7     +0.33 

30     -0.13 

Xov.  i;?      -0.27 

14      +0.04 

The  complete  reductions  will  change  these  figures  slightly 
The  eastern  elongation-distance  appears  to   be  about  0''.4 
greater  than  the  western.     Professor  Hall's  1877  observa- 
tions made  the  western  distance  about  0".8  greater  than  the 
eastern.    There  can  be  little  doubt  that  the  orbit  has  changed. 
The  orbit  of  PIkiIios  is  sutliciently  eccentric  to  enable  the 
direction  of   its  major  axis  to  be  well    determined.     The 
motion  of  that  axis  furnishes  a  sj)lenilicl  method  of  inves- 
j  tigating  the  ])olar  comjiression  of  the  planet. 
I       Both  satellites  are  ()"'±  behind -Maktu's  ephemeris.     Kvi- 
i  dentlv  the  periodic   times  recpiire  some  ai)preciable  correc- 
tions. 

After  reducin,;-  the  observations  and  lirietly  discussing 
them  as  above,  I  read  with  great  interest  Mr.  Walter  S. 
IIakshman's  paper  on  Tltc,  Orbit  of  J)ci)iws  \_Astron.  Jour. 
no.  331],  in  which,  from  Professor  Hall's  1892  observa- 
tions, he  finds  an  api)arent  motion  of  the  periceuter  of 
Deimos.  I  think  the  observations  of  1894  will  confirm  in 
a  general  way  the  motion  detected  by  Mr.  Haksiiman. 
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OBSERVATIONS  OF   COMET  e  1894,  (smFT),* 

]Jv  E.  E.  BARXAIiD. 


At  the  urgfut  recjuest  of  Drs.  (IdiM.D  and  CllAXlu.Klt, 
I  have  made  a  des[)erate  effort  to  get  stmie  measures  of 
Swift's  comet. 

The  \uitortuuate  weather  that  has  prevailed  at  !i\[t.  Ham- 
ilton for  the  past  two  months  had  completely  ])revented 
any  observations  of  this  object  since  Xov.  30.  On  Jan.  24, 
the  first  opportunity  to  try  for  the  comet,  I  made  careful 
search  in  the  ephemeris  place  with  the  IL'-inch,  but.  witlumt 
success.  The  following  night,  Jan.  25,  I  tried  for  it  with 
the  o(i-inch.  The  comet  was  found  with  the  greatest  diffi- 
culty. It  was  most  excessively  faint  and  difficult,  about 
10"  to  IT)"  in  diameter.  From  the  very  small  field  of  the 
o(i-inch,  it  was  not  possible  to  reach  any  known  star;  I 
therefore  compared  it  with  a  ](i"  star  in  the  same  field, 
and  this  star  in  turn  was  referred  to  a  known  star. 

Though  extremely  difficult  to  see  and  measure,  it  is,  from 
its  small  size,  an  object  that  can  be  measured  with  much 
accuracy,  —  indeed  with  as  much  accuracy  a.s  the  brightest 
comet  devoid  of  a  nucleus. 

The  comet  has  been  followed  from  night  to  night  with 
the  greatest  difficulty  tintil  the  moon  has  cut  off  further 
observations. 

I  do  not  think  it  will  be  possible  to  see  this  object  again, 
and  the  question  of  identity  with  DeVico's  comet  must 
rest  Avith  these  observations.  Through  the  kindness  of 
I'rof.  SciiAKHKKi.E,  I  have  been  able  to  observe  the  comet 
on  his  nights,  as  well  as  on  my  own,  with  the  3(i-inch. 
The  measures  have  been  made  with  tlu'  greatest  possible 
care,  and  I  think  will  be  found  to  lie  very  close  to  the  true 
jilaces  of  the  comet,  notwithstanding  the  extreme  difficulty 
of  seeing  and  measuring  it. 

The  difference  of  right-ascension  has  Itecn  measured 
directly  on  each  night. 


Jan.  25  J«  (^— *)   =    +   97.04 

26  +   ;!4.<)'.» 

27  -227.74 

28  +   71. 2S 
20  - 1 72.;;s 

The  following  are  the  measures  of  the  comparison-stars. 
Jan.  25.     Star  10"— star  8". 2  (DM.  7''197) 

J,(    =    -l■"4^.•r)   ;   JtV    =    +2'  10".4       (;!c(imp.) 

I  also  referred  this  16"  star  to  a  12"  by  direct  measures. 
(16"-12")     Ja   =    +2';H5".9  =  +0"'10«.40; 

jiV  =  +0' :M;".r,    (4comp.) 

The  12"  star  was  also  referred  to  the  8". 2  DAI.  star. 
(12"-8".2)    Ja   =    -1"'14».,S7; 

/IS   =    +V   44".7     (4comp.) 

The  adopted  place  of  the  16"  comparison-star  is  the  iiieun 
of  the  two  determinations  above. 

Jan.  2(">.     12"  comp.-star  —8". 3  (DM.  7°20o). 
Ja   =    -2'"  ;;'.04  (5  transits)     ;     JS   =    +1' ]7".9  (4  obs.) 

Jan,  27.      lo"  comp.-star  9". 5  (DM.  8°220). 
Ja   =    —  0'"  8».05  (4obs.  )        ;        M   =    — 6' 50"..S  (.'>  ohs.) 

Jan.  29.     12"  comp.-.star  — 9".()  (DM.8"234j. 

Ja   =    +1'"  40^81  (4  transits)    ;    Jfl   =    -1' 41".3  (3  ol)s.) 

The  stars  with  which  1  have  compared  the  small  com- 
parison-stars have  the  following  positions  for  1895.0. 


Jan.  25      1    1 


8  Autlioritv 

S  O  I  II 

).12      +7  5(1  .•!5.2  KamA.X.Catal. 

(Berlin  and  Hamb.) 

26  17  22.63     +8  1117.8  W.  Bes.sel  I,  238 

27  18     4.2        +8  31.;!  D]\l.  8°220 

20      120  57.64      +8  59     4.5  W.  Bessel  1, 310 


*  Positions  i>rinted  in  .Supiileincnt  to  N( 


(!» 


10 
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F1LAE-MICH(1-MKTEH   (^IJSKKVATIONS    OF   COMET  <•  1894  (.sir/fV), ' 

MAUE   WITH    THK  :li;iNril    KgUATUUIAL  OK  THE    I.ICK    OllSKBVATOKV, 

Uv  K.  E.  HAKNAR1). 


18»6Mi.  Hamilton  M.T. 

* 

No. 
Comp. 

Ja 

-* 

j8 

^'s  apparent 
a           i             8 

log 

for  a 

PA 
tori 

-Il          III         8 

Jan.  25     7    tl    1.". 
20    7  L'S    .•; 

27  7   10   12 

28  7  34   10 
7  48  38 

29  7  35  48 

1 

•* 

3 
4 
4 
5 

;'. ,  0 

(i  ,  0 
5  ,  0 
4 

4,6 

III         i 

+0     0.53 
+  0     2.30 
-0  15.35 
+  0     4.81 

-0  11.63 

1    tl 

+J  55.9 
-2  11.8 
+  1     9.7 

-3  23^4 
+0  50.8 

h        III       8 

1   13     1.17 
15  21.94 
17  57.0 
20     (i.38 

1  22  20.80 

0          /             « 

+  7  54  54.0 
+  8   10  27.3 
+  8  25.7 

+8  12    1.;; 

+8  57  17.0 

9.502 
9.483 
9.445 
9.510 

9.512 

0.059 
0.053 
0.048 

0.040 
0.047 

Mean  Places  for  1895.0  of  Comparison- Stars. 

* 

a 

Iifil.  lo                        5                       Hed.  to                                                    .      .. 
.i,,|,.  place                     8                     app.  place                                          .W.thonty 

1 
2 

3 
4 

5 

Il      111       a 

1  12  54.75 
15  19.59 
18  12.3 
20     1.00 

1  22  38.45 

-o!ii 

-0.01 
-0.02 
-0.03 
-0.02 

o         1         ' 

+  7  52  55.5 
+  8  12  35.7 
+  8  24.5 
+  8  45  24.2 
+8  50  23.2 

+2.0 
+  3.4 
+  3.4 
+  3.5 
+  3.0 

Anon.  10» 

Anon.  12" 
Anon.  13" 
Weisse-Kessel  I.  291 
Anon.  12" 

The  estimated  magnitudes  are  only  approximate. 


IMrilOA^ED   ELEMEN 

By  .s.  C.  C 
Till'  i-i'ceijit,  on  Feb.  7,  of  tlie  four  ob.servations  so  fortu- 
nately iiljtained  by  Prof.  K.\rnakii  near  the  end  of  January, 
lia.s  iniluceil  me  to  correct  the  orbit  given  in  A.-l.  .■!.33,  by 
iinitiiii;  all  the  available  jiositions  (27)  into  .si.\  normal 
jilaces,  and  forming  difl'erential  eiiviations  for  the  variation 
of  all  six  elements.  H  I'rof.  I'>ak.v.\ki)  i.s  right  in  think- 
ing that  tlie  comet  cannot  again  be  seen,  tlie  foUowing  ele- 
ments will  be  very  close  to  the  definitive  values  for  this 
a]>|)arition. 

Elemkxts. 
1894  t)ct.  12.1  SSI 7  ±  0".05870  Green w.  .M.T. 


TS   OF  COMET  e  1894.* 

lIANDLEK. 

I  CoORDIN.\TKS     KOK    THK    EqUATOK. 

I  Q           I           1/ 

X   =  [9.9990714] /•  sin  (   75  16  55.3  +  /')) 

,/  =  [9.9558901]  r  .sin  (346  20  24.9  +  /')  '- '•'^94.( 

'z   =  [9.0339887]/- sin  (340  .3(i     8..".  +  /-)) 

.,•   =  [9.9990713]/- sin  (  75  17  45.0+/-)  | 

,/   =  [9.955S922]/-sin(34()  21   15.8 +  i')      lS<.).-..() 

I  =  [9.0;!39SlO]/-.sin(340  30  54.0  +  /-)  ^ 


T  = 

(■)  = 

8  = 

log//  = 

e  = 

I'.riod  = 


290  34  35.2 

48  44  37.1 

2  57  5;!.9 


±140.0) 
±    71.0  '- 1894.0 
±      2.9  ) 

0.14:!0451  ±0.0(101310 

0.571895  ±0.001000 

5.80.33  years   =   2141.0  day.s 


'KKSENTATIO-V    OF 

Norm  A 1. 

I'l.ACKS, 

(O-C). 

Gr.M.T. 

Ju 

J8 

No.  Obs. 

1894  Nov.  23.5 

+  0.20 

-2.8 

4 

30.5 

-0.38 

-1.2 

5 

Dec.  16.5 

-0.10 

+  5.7 

4 

20.5 

+  0.11 

+  4.5 

5 

29.5 

+  0.10 

-4.1 

5 

1895  Jan.  27.5 

+  0.15 

—  (1.7 

4 

Cnmbrldy,',  1.S95  /•'/-/».  9. 


EPIIEMEKLS  FROM   THE   PRECEDING   ELEMENTS,* 

By    GEORGE    E.    VVHITAKEi;. 
Br. 
0.100 


•ir.  W.T. 

l-ut. 
<Vb.    0.5 

.\pi.a 

Il           III           )4 

1  40  45.39 

+  1(>'54'    2.4 

0.29213 

7.5 

43     3.73 

+  11      8  18.5 

.S.5 

45  21.77 

+  11   22  20.7 

9.5 

1    47   .'.9.52 

+  11   .30  27.0 

Gr.  M.T. 

Appa 

Apj.S 

li>.-  A 

Br. 

Feb.  10.5 

1   49  50.98 

+  11    .-.0   l;».3 

0.3053;i 

0.1 4( 

n.Ty 

52  14.17 

+  12      1     3.8 

12.5 

.54  31.08 

+  12   17    10.2 

1.!.5 

1   50  47.72 

+  12  .•!!      S.8 

From  Supplement  to  Xo337.     The  K.A.  on  .Jan.  20  has  been  elianged  at  Trof.  Hakn-vkd's  request. 
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11 


Gr.  M.T. 

App.  a 

A 

>p.  g 

log  A 

l!r. 

(i 

r. 

M.T. 

.Xpp.  '1 

A I 

)p.  8 

log  A 

P.r. 

imtr. 

1 

II 

s 

0 

/ 

ri 

ixli,-, 

h   It 

S 

/    " 

Feb.  U.r. 

1 

5'.) 

-I.OU 

+  12 

44 

29.(; 

0.31827 

0.1;!4 

1<\ 

b 

27.5 

2  28 

15.37 

+  15 

20  11.5 

15.5 

'> 

1 

20.21 

+  12 

57 

42.0 

28.5 

30 

28.55 

+  15 

37  43.() 

Ui.5 

3 

30.08 

+  13 

10 

47.7 

M 

U 

.  1.5 

.•!2 

41.52 

+  15 

49  8.0 

17.5 

5 

51.70 

+  13 

23 

45.1 

2.5 

34 

54.29 

+  10 

0  24.7 

0.3072 1 

0.095 

18.5 

8 

7.08 

+  13 

3() 

34.  li 

0.3.jO'.)I 

0.12;; 

3.5 

37 

0.84 

+  10 

11  33.7 

19.5 

10 

22  22 

+  13 

49 

10.4 

4.5 

39 

19.20 

+  16 

22  34.9 

liO.5 

12 

37.13 

+  14 

1 

50.4 

5.5 

41 

31.35 

+  10 

33  28.5 

21.5 

14 

51.81 

+  14 

14 

10.0 

(;.5 

43 

43.28 

+  10 

44  14.4 

o.;:787i 

0.088 

22.5 

17 

0.27 

+  14 

20 

35. 1 

0.;i43;!.'! 

0.113 

7.5 

45 

55.01 

+  16 

54  52.7 

23.5 

I'.> 

20.52 

+  14 

.•'.8 

45.,S 

S.5 
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OBSP]RyATION8   OF   VAIUABLE   STAK8, 

liv  EDWIN   V.   SAWVKi;, 
T  Ceti 

25  to  DtH'ember  28,  eight 


()l)serve(l  t'rdiu  1891  Octdbcr 
observations.  The  light  remained  nearly  constant  lUu'ing 
the  two  montlis  tlie  star  was  under  oliservation.  On  Octo- 
lier  25.  '/'was  =  2d<{U.A.)  (V;-/,  and  3  steps  >21  {I'. A.)  Veil, 
or  0".0.  On  November  2  the  liglit  liad  ajiparently  increased 
about  2  steps,  wliere  it  remained  until  tlie  observations 
ended.  Tlie  star  was  again  observed  1892  August  29,  and 
found  to  be  =  10  (iLA.)  Ceti,  and  3  steps  >28(r'.,l.)  Ci-ti, 
or  about  ()".3.  Tlie  liglit  remained  ap])arently  constant 
until  December  9,  when  a  slight  decrease.  .'!  stejis.  occurred, 
and  no  further  cliange  was  recorded  nji  to  tlie  time  tlie  ob- 
.servations  terminated,  1893  January  8.  The  observations 
nnniber  1  2. 

893.  U  Cetl. 
This  star  was  observed  on  ten  evenings,  from  1891 
December  18  to  1892  February  18.  Observations  near 
maximuni  iiiucli  interrupted  by  cloudy  weather  and  the 
nioonlight.  When  first  seen,  on  December  18,  ^^was  .'>  steps 
>  SDM.  13''483,  and  2  steps  <SD.M.  13°502.  or  8", 3.  Tlie 
light  increased  quite  rapidly,  and  a  maxinium  was  jiassed 
about  1892  January  23,  the  niaximuin  brightness  being  3 
or  4  steps  <SDM.  12°481,  and  3  steps  >SD]\1.  13°457,  or 
<)".95.  When  last  seen,  on  February  18,  /_'  was  2  or  .'! 
steps  <S1)M.  13°457,  and  3  steps  >SDM.  1,S°492,  or  7".2. 
The  star  was  again  observed,  1893  November  29,  and  found 
to  be  =  SDAE.  13°502.  and  5  steps  <SDM.  13°492,  or  8".0. 
The  light  increased  quite  ra]iidly  and  uniformly,  and  a 
niaximum  was  reached  December  25,  the  inaximiim  bright- 
ness being  2  steps  <  SDiNI.  13°457,  and  5  steps  >  SDM. 
13°492,  or  7".0.  The  observations  ended  1894  January  28. 
^'being  3  steps  <SDJ\I.  18°502,  or  about  8". 4.  'J"he  obser- 
vations niimlier  17.  From  all  my  observed  maxima  .since 
1880  the  mean  period  is  found  to  be  235.1  days,  which 
agrees  very  closely  with  the  period  235.8  days  given  in 
l)r.  CiiAxin. Kit's  Catalogue. 


1 072.  fi  I'evxci. 
Observed  from  1891  September  2  to  1892  March  29,  the 
observations  luinibering  19.  On  September  2,  p  was  found 
quite  faint,  evidently  near  a  minimum.  The  light  slowly 
increased,  and  on  October  8  it  had  about  reached  its  normal 
brightness,  where  it  remained,  with  the  exception  of  one  or 
two  .slight  minor  fluctuations,  until  the  observations  mdi'd. 
When  observations  were  again  resumed,  on  August  15,  p 
was  found  to  be  quite  faint.  A  slow  increase  of  light  oc- 
curred, and  by  September  17,  it  had  readied  its  normal 
briglitness,  where  it  remained  until  observations  ceased, 
1893  April  2.  The  observations  number  20.  On  Septem- 
ber 6  the  star  was  again  seen,  and  foiind  to  be  rather  faint. 
(Jbservations  on  the  10th  and  12th  found  it  still  fainter,  a 
minimum  being  fairly  well  indicated.  The  light  slowly 
increased  after  the  16th,  and  with  the  exception  of  a  slight 
depression,  from  1894  January  22  to  February  11,  no  fur- 
ther changes  occurred  until  the  observations  ended  on 
A])ril  2.     There  were  33  observations. 

1708.  t  Aiirujai'. 
Tliis  star  has  been  under  observation  at  various  times, 
namely,  fnun  1892  September  11  to  1893  January  ,9,  nine 
observations,  and  from  October  5  to  1894  April  2,  20  obser- 
vations. Tlie  fluctuations  of  light  during  these  times  have 
been  hardly  noticeable,  certainly  not  over  two  or  three 
steps,  and  11(1  decided  pliases  have  been  determined. 

1771,  // /.(7-/-/.S-. 
This  star  was  observed  on  ten  eveuin.gs.  from  1892  No- 
vemlier  10  to  1893  January  0.  11  was  evidently  near  a 
maximum  when  the  observations  commenced,  as  the  light 
remained  apparently  constant  from  November  16  to  De- 
cember 22,  or  3(5  days.  The  star  was  again  observed  1893 
November  10.  ami  fciuiiil  to  be  quite  bright,  and  =  SDM. 
15°903,  and  4  steps  <  SDM.  15°910,  or  7". 9.  The  light  in- 
creased quite  slowly,  and  a  maximum  was  passed  1894 
January  20,  tlie  maximum  brightness  being  2  steps  >  SDM. 
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ITi'DlO,  and  ii  or  4  steps  <  SDM.  14"'1029,  or  7".4.  Tlie 
light  reiuaiued  apparently  constant  42  days,  or  from  .laiiu- 
ary  1  to  Febnuiry  11.  The  decrease  was  very  slow,  and 
when  last  seen,  on  March  26,^  was  ;?  steps  >  SDM.  IH^OO-'i, 
and  .S  stejis  <S]).M.  Io°9l0,  or  7". 7.  The  ob.scrvations 
nnnilier  ."{".I. 

2100.      r  Or;„„!.i. 

This  star  was  observed  from  JSi)!  DecenihtM-  L'S  U>  1<SS)'_' 
Marcli  H>.  20  observations.  AVhoi  iirst  seen,  on  December 
28.  Twas ;i  steps  >  DM.  20°11().S.  ami ;?  stejjs <  DM.  2()°1 171, 
or  S".4.  The  increase  in  light  was  quite  rapid,  and  gener- 
ally uniform,  and  a  maximum  was  i)assed  1S!)2  February  cS, 
the  maximum  brightness  being  =  DM.  20''lir)(;,  4  stejjs 
>  DM.  lin  lOlJ.and  5  steps  <DM.  1<)°.1110,  or  (5».7.  AVhen 
la.st  observed  ^  was  =  DM.  19°110(),  and  5  stei)s  <D.M. 
2()^lloG,  or  7". 2.  The  star  was  again  observed  181)3  Janu- 
ary 8  and  found  to  be  =  DM.  20°1 1 68,  or  about  8".C.  After 
a  uniform  and  rajjid  increase,  a  maximum  was  reached 
185)3  Febnuiry  11,  tlie  maximum  brightness  being  2  stejjs 
>DM.19°11()G,  and  3  or  4  steps  < DM.  20°1 156,  or  7".0. 
The  decrease  was  (juite  slow,  and  when  last  seen,  April  2, 
{/"was  3  steps  >DM.  20''1168,  and  4  steps  <DM.  20°1]71. 
or  S".'}.  The  observations  number  14. 
2170.      S  Li'jinn'.i. 

This  star  87  (i'.A.)  Lrjuiris  which  I  announced  as  varialile 
in  No.  263  of  the  J.J.,  and  included  in  the  list  of  suspected 
variables  in  Dr.  Ciiani>i.i:i:"s  second  ('atalogue,  has  since  been 
conHrmedby  Mr.  Vknokll.  The  observations  during  1892 
and  1893  extemi  from  December  11  to  April  2,  and  number 
12.  The  star  was  near  a  minimum  when  iirst  seen  on  De- 
cember 11.  The  light  slowly  increased,  and  a  faint  maxi- 
mum was  reached  1893  January  21.  This  was  follow(;d  by 
a  rapid  fall,  a  minimum  being  fairly  indicated  about 
March  8.  The  star  was  again  near  maximum  when  the 
observations  ended  on  April  2.  Tlic  star  was  again  ob- 
served 1893  Xovemlier  28,  and  found  to  be  quite  bright. 
The  light  continued  to  increase,  ami  a  very  bright  nuixi- 
mum,  the  brightest  yet  observed,  was  passed  1894  January 
in,  the  maximum  brightness  being  3  steps  >  72  (U.A.)  Leporis 
and  3  steps  <  78  (f/.-l.)  i^-^.onX  or  about  &"!).  The  light 
remained  nearly  constant  from  December  28  to  February  ;"), 
or  39  days.  After  February  5  the  light  slowly  faded,  and 
the  star  was  evidently  near  a  minimum  when  tlie  observa- 
tions ended  on  March  26. 

22f>(').      V  Monocernfii. 

The  star  was  observed  on  15  evenings,  from  1893  Decem- 
ber 12  to  1894  February  5.  After  a  rajjid  rise,  a  maximum 
was  passed  1894  January  6.  Comparison-stars  not  yet 
identified. 

L'<i76.       U  Afonncfrii/is. 

The  observations  on  this  star  during  1891  and  1892  ex- 
tend from  October  31  to  April  24.  When  charted  they 
permit  the  determination  of  three  maxima  and  two  minima 


The  first  nuiximum  from  a  rajjid  rise  was  jiassed  1892 
January  7.  and  it  was  a  bright  one.  This  was  followed  by 
a  very  rapid  tall,  and  a  ratlier  faint  uiininiuni  was  rcaciii'd 
tianuary  30.  A  second  and  not  very  bright  maximum  was 
passed  February  20.  A  seeoiul  and  very  faint  miuiniuni 
was  passed  Man-li  Id.  and  a  third  maxiniuiii  was  icarlicd 
A})ril ."!.  Till-  interval  between  tlie  first  and  second  maxima 
was  44  days,  and  between  the  second  and  third  maxima  4."> 
days.  The  interval  between  the  two  niinima  observed  was 
46  days.  The  observations  during  1S92  and  1893  number 
41,  and  extend  from  December  9  to  May  8.  From  thest^ 
observations  .3  maxima  and  .'!  minima  have  Iicimi  di'triiiiiniMl. 
The  first  minimum  was  passed  1891.'  December  1('>,  and  was 
rather  faint.  Tiie  Krst  maximum  was  reached  ]89.">  .laini- 
uary  2.  'I'liis  was  I'dlloweil  by  a  very  bright  miniinmii 
.January  L'O.  The  second  maximum  was  jiassed  February 
11,  and  tlie  tliird  April  8.  All  the  maxima  were  very 
bright.  The  third  mininnnii,  a  t'aiilv  bright  one,  was  passed 
JIarcli  l.'t.  Tiie  interval  between  the  first  and  second  max- 
ima was  40  days,  and  between  the  second  and  third  maxima 
.")(■>  days.  'I'lii'  interval  between  tlie  tii'st  and  second  minima 
was  41  days,  and  bet. ween  tlic  second  and  thin!  uiiniina  Ki 
days. 

;!796.      U  lli/di-'ii: 

The  obsiT\ations  on  this  star  in  1893  were  very  scatter- 
ing, and  only  number  6,  extending  from  March  6  to  May 
1 8.  When  first  observed,  U  was  3  steps  >236  ( U.  A.)  Hi/drfie, 
and  2  or  3  steps  <225  {U.A.)  Hi/(J, -an, ov^".0.  On  April  9, 
Uwas  found  to  be  2  steps  >225  (U.A.)  Ceti,  or  about  .">>■. 6. 
Observations  on  April  IS  and  ^lay  8  found  it  apjjarentl}"  of 
the  same  brightness.  On  the  date  of  the  last  observation, 
May  18,  U  had  decreased  about  3  steps,  and  was  1  step 
<.22o (U. A. )  H  1/(1  nif,  or  o".9.  .Vmaximum  is  indicated  about 
April  24. 

4910.      W  Ili/dnu'. 

Observed  from  1892  March  ">  to  jMay  17,  the  observations 
numbering  10.  1/' was  about  7"..~)  when  first  seen.  The 
light  increased  quite  I'ajiidly.  ami  a  very  bright  maximum 
was  passed  about  Ajiril  20,  tlu^  maximum  brightness  being 
o  steps  >  3()4(_f  ■../.)  Jli/ilriic,  and  .">  or  4  steps  <3.")9  (  r'..i.) 
Ilijdrue,  or  C)^'.(j.  After  April  2(i,  the  light  slowly  faded. 
In  1893  ]/' was  first  detected  February  17,  and  found  to  be 
=  8".0.  On  .March  20  it  was  a])]iarently  of  the  same 
brightness.  From  this  date  tiie  light  increased  very  raiiidly. 
and  a  bright  maximum  =  ()".()  was  passed  about  May  lo. 
The  observations  numliei'  9,  and  extend  to  June  IS. 

.".912.  <i  Iln-nilU. 
The  observations  on  this  star  number  31,  and  (■xtcnd 
from  1892  April  16  to  October  21,  but  are  siunewhat  scat- 
tering. When  charted  they  ])ermit  the  determination  of 
only  one  maximum,  a  bright  one,  which  was  passed  Sep- 
tember 11.  The  observations  in  1 893  are  34  in  number, 
and  extend  from   April  18  to  (October  17.     From  these    3 
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maxima  .and  2  minima  are  well  detenuincd.  The  first  and 
second  maxima  were  passed  May  19  and  July  IC,  and  were 
not  very  briglit,  the  interval  between  tlie  two  being  HS  days. 
The  third  maximum,  a  bright  one,  Wiis  reuclied  September 
2,  or  48  days  after  the  second  niaxiniuiii.  The  two  minima 
were  bright  ones,  and  were  passed  June  I'.l  and  August  (>, 
tlie  interval  being  4S  (Lays. 

67.')3.  li  Sciiti. 
During  189L',  52  observations  of  this  star  were  obtained, 
from  May  16  to  October  22.  From  these  4  maxima  and  3 
minima  have  been  determined.  The  maxima  were  all  of 
aliout  the  average  briglitness,  and  were  passed  June  1, 
•July  15,  September  7  and  November  18,  shewing  intervals 
of  44,  54  and  72  days  respectively.  The  minima  were  also 
of  about  tlie  average  briglitness;  and  were  passed  June  27. 
August  17  and  October  10,  showing  intervals  of  51  and  54 
days  respectively.  The  observations  in  1893  number  58, 
and  extend  from  May  11  to  December  4.  Serious  breaks 
occur  in  tlie  observations  until  after  July  1.  One  maxi- 
muni  and  two  minima  are  quite  well  determined.  The 
maximum  of  about  average  brightness  was  passed  Septem- 
ber 13,  and  the  two  minima  were  passed  August  1  and  Octo- 
ber 22,  sliowing  an  interval  of  82  days. 

6794.     li  Li/rKf. 
The   following    maxima   and  minima   of  tlii.s  star  have 
been  determined  since  my  last  published  list  in  ISS'.l: 


Max  I. MA 

Obs'il      Ep. 


()- 


-C 

18110  Aug.  2  27  +  4'.1 

Sept.  19  28  +  5.4 

Dec.  10  30  —  5.2 

1S91  June  23  34  -  0.1 

Aug.  14  43  -16.0 

Sept.  26  44  -22.1 

Nov.  20  45  -15.9 

June  20  49  —  0.7 

Aug.  11  50  +2.1 


1892 


1893 


Minima 

OlisM  Ep.       ()— C 

1890  Aug.  31  28  +   9!l 
Oct.    13  29  +  5.4 

1891  July  14  35  -  4.0 

1892  Aug.  29  44  -27.4 
Dec.   23  46  -   9.1 

1893  July  21  50  +   3.8 
Sept.    3  51  -   1.4 


In  the  column  O  — C  a  comparison  is  given  with  Panne- 
koek's  elements  published  in  A.N.  No.  3252. 

It  will  be  noticed  that  while  the  residuals  are  small  in 
the  years  1890,  1891  and  1893,  they  are  unusually  large  in 

Brlijht^nu  M<ii<x.,  1895  J'lii.  12. 


the  year  1892,  and  would  appear  to  disapprove  the  results 
arrived  at  by  the  above  astronomer.  It  is  unfortunate  that 
none  of  the  other  observers  mentiouiMl  in  liis  article,  Plass- 
MAXN,  Kxoi'K.  or  Ykndklt.,  have  observations  made  at  the 
same  epochs  in  1892  as  were  mine. 


'120. 


<' 


.'/.'/"'• 


A  very  good  series  of  observations  was  secured  on 
this  star  in  1892,  extending  from  August  15  to  November 
19,  and  numbering  36.  When  first  seen,  August  16,  ;^  was 
=  DM.32°3578,  or  about  8". 2.  The  increase  was  quite 
rapid  and  uniform,  a  maximum  being  passed  September 
17.5,  the  maximum  brightness  being  2  steps  <  DM.  33°3587 
and  5+  steps  >DM.32°353],  or  5«.5.  The  decrease  was 
also  quite  rapid,  and  when  last  observed,  November  19,  p^ 
was  5+  steps  <  DM.  33°3602  and  5  steps  >  DM.  32°3578, 
or  7 ".6. 

7754.      J/   (-'i/ijii'i. 

After  the  faint  iiiiniiunm  1892  Aug.  12,  /('increased  rather 
slowly,  and  a  maximum  of  aliout  the  average  brightness  was 
passed  October  19.  The  light  faded  very  slowly  and  irregu- 
larly after  October  21,  and  a  bright  minimum  was  passed 
about  December  20.  When  the  observations  ended  1893 
February  12,  W  was  evidently  near  another  maximum. 
May  11  the  observations  were  resumed,  W  being  found 
very  faint.  The  light  increased  rather  slowly,  and  a  very 
bright  maximum  was  reached  July  9,  the  maximum  bright- 
ness being  4  steps  >  DM.  46°3305  and  =  DM.  45°3558,  or 
5". 5,  this  being  the  brightest  maximum  yet  observed.  The 
light  faded  quite  rapidly  after  July  1\,  and  a  very  faint 
minimum  was  passed  Sejitember  26.  November  24  another 
maximum  was  passed.  A  second  minimum  was  reached 
about  1894  January  25.  The  observations  ended  February 
8,  and  number  89. 

906.  R  TrlaiKjiiU. 
A  very  good  series  of  observations  on  this  star  was  ob- 
tained, extending  from  1892  October  29  to  1893  January 
16,  and  numbering  22.  The  light  increased  quite  rapidly 
from  October  29,  a  maximum  being  reached  November  28, 
the  maximum  brightnesss  being  2  or  3  .steps  >  DM.  33°454, 
or  about  6". 2.  The  other  comparison-stars  not  yet  identi- 
fied.    After  December  5  the  light  faded  quite  rapidly. 


Oi^   CO:\IET  e  1891  AND   ITS   IDENTITY   WITH   DkVICO'8,    1844  I. 

By  S.  C.  CHANDLER. 

The  likeness  of  the  orbit  of  Swift's  Comet  c  1894,  to  guisli  between  similarity  or  identity  in  the  present  case  only 
DeVico's,  1844  I,  was  generally  remarked  soon  after  its  ;  by  actual  calculation  of  the  principal  planetary  ijertnrba- 
appearance.  In  particular  Schulhof  has  presented  con-  \  tions.  Unfortunately  the  conditions  under  which  the  pres- 
siderations  which  make  the  hypothesis  of  indentity  very  ■  ent  cojnet  has  appeared  make  it  diflficult  to  determine,  from 
plausible.  In  view,  however,  of  the  numerous  close  family  the  observations,  the  important  element  of  the  mean  mo- 
resemblances  among  the   periodic   comets,   we  can   distin-  tion  with  enough  precision  for  us  to  carry  the  perturbations 
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very  far  backward  with  any  coufideiioe.     Indeed  it  would   |       Grefinvicli  .M.T. 
he  useless  to  attempt  it.  were  it  not  for  the  skill  «nd  assid 
uity  with  wliich  Wilsox,  Howk,  and  espeeially  1{arn.\ui> 
have  followed  tliis  e.xtremely  faint  objeet  to  the  extrcnit 
limits  of  the  power  of  their  telescopes,  and  thus  judviilci 
the   material  for  tlie  reasonably  satisfactory'  proof  of  the    i      18!)")  Jan.  27.5 
identity  in  question  which  is  to  be  given  below.      Indeed 
tliis  proof  turns  in  eifect  —  as  does  also  the  possililr   rctiis- 
coverj'  of  tlie  the  comet  in  litOO  —  upon   Howk's  observa- 
tion of  Jan.  19,  and  the  five  by  H.vux.vun  of  Jan.  25  29; 
although  it  is  still  jmssible  that  the  latter  may   have  <ib- 
tained  some  more  recent  measiires,  since  tlie  conu't  could 
be   seen  in  February  under  conditions  only    sliglitl\    less 
favorable  as  to  brightness,  than  it  was  in  January. 

To  determine  tlie  perturbations  suffered  by  tlie  comet  at 
its  conjunction  with  Jiijiiter  in  1884-(>  it  is  necessary  to 
find  its  elements  witli  all  the  precision  jxissible  uuder  the 
circumstances.  1  have  therefore  brought  all  the  available 
observations  to  bear.  Tlie  places  of  com]>arison-stars  have 
l)een  revised  by  a  pretty  thorough  search  of  known  cata- 
logues. A  comparison  with  my  provisional  orliit  in  A.-l.  'VX\ 
then  furnished  the  following  six  normal  places. 


.VlMi.  a 


Aim; 

-i2°ir 

•1  1  ~ 

rt 

19. S 
-  t 

(>1)S. 

4 

-  4  i: 

.1.1 

.■;.s.  1 

•  > 

4 

-  2  r.7 

22.  li 

.) 

-  0   1 

42.1 

r> 

-f  8  -Jl 

(■)..". 

1 

22  2(1  14.27 
22  4(i  44.90 
2;5  .'il  .■{."'..79 
2;;  42  21.82 

0  .-.  .".9..'>2 

1  17  2  I. (-.7 
From  an  ap])ro.\imate  solutiiui  nl'  the  ci|uations  hereafter 

given,  the  following  eleiiicnl.s  were  then  derived,  to  Ite  cor- 
rected by  the  final  solution. 
7'=  1894  Oct.  12. 1780  (!r. 

Q  =    48  4r.  .-.;! .  1   -  iT  '.'•" 
;  =     2  o7  1 1  .2  \  ^'^^'i'- 
logy  =  0. 1 1;!(;;;;; 

r  =  0.."i72(>78 
These  were   then   ciiiniiareil    with  the  iionual    |ilaces,  and 
the  differences  referred  to  the  plane  of  the  comet's  orbit, 
which  was  taken  as  the  fundamental  ]ilane  for  the  com [mla- 

tion   of  th( rrections  to  the  assuiiieil   I'leiiients.     These 

differences,  so  converted,  form  the  absolute  terms  of  the 
following  e(juations  of  eoiulition,  where  the  differential  co- 
efficients were  eniiipiUeil  with  eleiiients  iliffering  uiiessen- 
tialh'  fi'om  those  above  "i^'en. 


S2'=       5    10  4(1.8 
/'  =     25   29  51  .2  S 


s'.d.o 
K.|. 


-2972J7'  +1.0;i4;!./;^'  -f-      .-^Si'.-,  /y    -j-KiOtlO  /<• 


-2851 
-2542 
-24(;i 
-2280 
-174:5 


26 
24 
20 


+  1.0089 

— 

19  840 

+  :A  870 

+  0.955(i 

— 

04  .S20 

+  59  0.".8 

+  0.94.-!  I 

— 

7o  29;! 

+  .V.)758 

+i).9ni;; 

— 

90  047 

+  59  890 

-fO.S*l2S 

- 

124  .-.05 

+  50  591 

+  0.0105  1^ 



2  022./'/ 

+     93  .  /r 

—  0.590  1 

IQ>' 

+  0.2752 

+  0.01  12 

— 

3  715 

+    05 

—  0.5500 

+  0.3709 

+  0.018(i 

— 

5  202 

-  20(; 

-0.4757 

+  0.539S 

+  0.0187 



5;  no 

-   393 

—  (1.1550 

+  0.5095 

+  0.0188 



5  450 

-   080 

-0.411  1 

-^0.0310 

+  0.0145 

— 

4  303 

-  1494 

-0.2850 

+  0.7308 

+  3.3 
-4.8 
-1.0 
+  2.3 
+  0.0 
-0.4 

-0.2 
+  0.0 
+  7.0 

+  4.8 


Giving  eipial   weights,  we  have  the  normal  equations  in  longitiule,  „ 

+37.71o2^7'  -14.258     /^' i-   81.277/7'/    -    80.81(1./,    =    -   2.04 
-14.258  +   5.4399        -    3.3.401  +   31.087         =    +   0.89 

+  81.277  -33.401  +.3.i0.30  -207.5.-.3         =    +12.45 

-80.840  +31.087  -207.5.-.3  +180.70  =    -    0.57 

where,   for  convenience,   the  unknowns   are    expressed   in    \  probable  cridis.  below.     The  latter  are  based  on  the  adopted 


units  of  the  third  decimal  for  j'' and  of  the  fonrtli  deeinml 
for  '/  and  p.     The  solution  gives 

/7'  =    +0.0957        ±0.0587 

/x'   =    +38".0  ±  128".0 

.l<l    =    +0.0000.38    ±0.000131 

//,'    =  — o.oooi.s;!  ±0.001000 

Substituting  these  in  tlie  equations  for  latitude  we  form 
normal  equations  involving  only  the  j.lane  of  the  orbit, 

+ 1 .34.30  IQ.'    -  1 .3540  .  //'  =    -0".92 
-1..S540  +1.7700        =    +4  .84 

whence     JSl'   =    +9".l    ±4".5  JV  =    +9".7    ±."".9 

Applying  these,  and      /Jm'  =  /l)^'  —  cost'  JQ,'.      to  the 


probable  error  for  a  single  e(|uatioii,  ±2". 5,  whicdi  is  a  mean 
between  ±2".0  and  ±3".l,  obtained  from  the  hmgitude  and 

hit itiule-nnnuals.  respectively. 

7'  =    1894  Oct.  12.18817  ±  0''.05,S70  (;r..M.'l". 


(0    =  290  ;!t   .35.2 

a    =      IS  44  .37.1 

;   =        L'   57   .53.9 

hig,/    =  0.14.'5(i451 

,■   =  0..571895 

Period  =  .5. SO.'!.'!  vears 


±140.0  ) 
±71.0     ISO 

±   2.9  y 

±0.0001310 

±0.001000 

2141.0  (lavs. 


These   have   already   been    ]iiililished    in    the   sujijileiiient 
issi.ed    with    no.  .'i;!7    and   are    rej.rinted   elsewhere    in   this 


above  assumed  elements  for  the  equator,  and  referring  back      nunilier.     The  eoiiiparisoii  with    the  normal  places  is  also 
to  the  ecliptic,  we  have  the  corrected  elements,  with  their      there  given,  obtained  by  direct  coni}.utation  from  the  ele- 
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nuMits.  It  slidulil  111'  s;ii(I  that,  after  the  solutimi  \v:is  coin- 
liletcil.  ail  I'lTcii-  of  ;'."  ill  tlic  residual  used  foi-  tlii'  iourtJi 
iioniial  ])huH'  was  ili'tccted  ;  but.  on  exainiiiation  it  I'ortu- 
nately  jiroveil  to  he  in  a  direction  in  wliicli  the  normal  place 
i-onld  itself  he  imjiroved  by  an  allowable  rejection  of  a  sin- 
_L;le  discordant  observation.  Hence  the  solution  was  not 
repeated,  as  I  think  it  is  better  as  it  now  stands.  Howe's 
observation  of  Jan.  19  arrived  too  late  to  be  used  in  the 
computation  of  elements.  Also,  Baknard's  right-ascension 
of  Jan.  2!),  as  originally  coniniuuicated  (1''  22'"  23».7<S)  was 
<liscordant  by  — 3v78,  and  was  rejected.* 

.Vny  refinement  of  the  above  elements,  which  an  ultimate 
definitive  calculation  may  give,  will  depend  only  on  such 
nice  considerations  as  the  weighting  of  the  observations 
the  {)roj)riety  of  rejection  iu  one  or  two  instances,  the  in- 
clusion of  a  few  for  which  star-places  are  wanting,  and  the 
perturbations  during  the  appearance,  which  must  be  insig- 
nificant from  the  considerable  distances  of  all  the  planets 
involved.  The  orbit  may  therefore  be  regarded  as  very 
close  to  a  definitive  one. 

If  the  relations  of  the  [ilaces  of  the  comet  during  the 
conjunction  with  Jiiiiitcr  in  LS84-(),  and  their  uncertainty 
as  iiulicated  by  the  jirobable  errors  of  the  elements  defining 
its  jjosition  near  the  apheliou-poiut,  be  considered,  it  will  be 
seen  that  any  great  refinement  iu  the  computation  of  the 
jierturbations  for  that  approach  would  be  labor  thrown 
awa^-,  iu  this  first  approximation.  1  have  therefore  re- 
stricted it  to  the  terms  depending  on  the  first  power  of  the 
mass  of  the  disturbing  planet,  judging  that  the  effect  of 
the  higher  powers  of  the  disturbing  force  would  be  only  of 
the  order  of  those  arising  from  the  uncertainty  of  the  ele- 
ments. This  first  computation  is  necessarily  of  the  nature 
of  a  reconnoissance  .  merely.  1  therefore  calculated  the 
perturbations  of  the  polar  coordinates  for  about  thirty-two 
months,  from  1887  January  back  to  1884  May,  at  intervals 
of  20  days,  while  the  distance  was  under  0.8  (1885  Sejjt.  to 
1884  Dec. ),  and  of  40  days  outside  of  those  limits.  The 
disturbance  which  took  place  outside  of  the  distance  1.4 
during  the  rapid  approach  iu  1884,  and  outside  of  1.6  at 
the  slower  recession  in  1887,  has  therefore  been  neglected. 
Integrating  for  1884  July  26  it  was  found  that  between  that 
point  and  Jan.  1887  the  place  of  perihelion  had  been  moved 
forward  by  1°  43'.3,  the  node  retrograded  by  11°  43'.2,  the 
inclination  increased  by  0°  4'.8,  and  the  mean  daily  motion 
decreased  by  26".7.  The  perturbation  of  the  anomaly  was 
—  1°  31'.8.  Both  in  direction  and  approximate  amount  these 
changes  are  uniformly  of  the  character  required  to  recon- 
cile the  differences  between  the  observed  orbits  of  the 
comets  1844  I,  and  e  1804.  To  make  a  direct  compari- 
son, I  have  applied  these  perturbations  to  the  latter,  and 
placed  the  resulting  elements  (osculating  for  1884  July  26) 
iu  the  second  column  below,  headed  "  Before  perturbation." 

*  He  has  since  corrected  it.     .See  p.  10.  —  Ed. 

Cambrhlrje,  1895  Fvhruanj  22. 


HuiJNNow'.s  elements  of  the  comet  of  1844  are  given  in  the 
first  coliiiiin.  and  tlios(»  of  c  ISOt  in  tlie  third.  .Ml  tliese 
elements  are  referred  Id  the  eidiptii-  aii<l  lut^an  ecpiinox  of 
1800.0. 

KS-14  I  e  1894 


Observed 
T  =    1882  Dec.  7.7 
0)   =   278°48'.6 
9,    =      64    20.0 
/■   =        2    .54.0 
logy   =   0.07423 
i>   =   0.61765 
log»/.   =   0.40177 
=   640".].-) 
Period   =   5.466  years 


J5ifor<'  perturb. 
18,s;!  Feb.  5.5 
283°    7'.5 
60   24.0 

2   53.1 

0.00858 

0.(!0282 

0.40050 

631  ".8() 
5.615  years 


( )b.servi'd 
1 804  ( )ct.  1 2.2 

20(i°  34'.  1 
48  40.7 
2  57  .0 
0.14364 
0.57190 
0.5121(» 
605".  15 

5.863  years 


It  requires  but  a  glance  at  this  table  to  show  that  the 
hypothesis  of  identity  is  given  a  high  degree  of  probability 
by  the  computation.     The  fact,  that  the  calculated  disturb- 
ances do  not  quite  bridge  the  observed  differences  in  the 
elements,  strengthens  the  argument ;    since  it  is  what  we 
should  expect  from  a  general  consideration  of  the  character 
of  the  changes  which  I  have  omitted  —  namely,  the  neg- 
lected higher  terms  for  the  1885  conjunction,  and  the  ])er- 
turbatious  of  1873-4,  when  another  conjunction  occurred. 
At  the  latter,  although  the  distance  of  the  comet  through- 
out was  greater  than  in  1884-86,  the  perturbations  would 
have  the  same  effect  as  regards   direction,  but  be   mueii 
smaller  in  amount.     For  the  present  the  attempt  to  calcti- 
late  these  would  be  premature,  whether  by  carrying  my 
elements  back,  or  bringing  Brijnnow's  forward.     It  would 
be  better  to  revise  the  mean  motion,  and  with  the  improved 
value  repeat  the  calculation,  taking  into  account  the  minor 
disturbances  here  neglected.     It  is  possible  that  more  ob- 
servations may  yet  come  to  hand.     I  consider  the  result  of 
this  paper  to  be    sufficiently  demonstrative   of    the  high 
probability  of  identity  to  justify  a  more  refined  calculation 
at  a  proper  future  time.     This  will  indeed  be  necessary  be- 
fore the  next  appearance,  since  a  closer  approach  to  Jnju'frr 
will  occur  previously,  in  1897,  with  greater  re.sidtant  changes 
in  the  elements  than  in  1885.     These  must  be  comimted  as 
rigorously  as  possible  to  justify  any  expectation  that  the 
comet  can  afterwards  be  found.     However,  I  am  inclined 
to  anticipate  that,  with    the  present   appearance,  our  ac- 
quaintance with  this  interesting  body  will  unfortunately  be 
brought  to  an  end.     The  present  perihelion  distance  will 
probably  be  changed  by  Jupiter  iu  1897  to  one  considerably 
beyond  the  orbit  of  Mars,  so  that  unless  a  favorable  rever- 
sion of   the  change   in   brilliancy  which  apparently  took 
place  between  1844  and   1894  should  occur,  it  will  in  all 
likelihood  hereafter  be  invisible;    at.  least  until,  at  some 
futuie  approach  to  the  critical  point  of  disturbance  near 
longitude  165°,  simultaneously  with  Jiipitcr,   it   shall  be 
thrown  into  a  path  in  which,  near  perihelion,  it  will   be 
again  in  reach  of  our  telescopes. 


16 


THE     AST  i;  ON  (IM  1  (•  A  I.     .1  o  T  K  N  A  1.  , 


N»-  338 


N0T1-:    ox    TllK     S'lSlAL    .MA(JXITU1)E     OP^    THE    FAINTEST    STARS    PIIOTO- 
(iKAlMIED    BY     i)K'.  MAX   AVOLF,    AT    IIEIDELHEUG, 

Bi    .1.   M.  SCHAKUKKI.K. 


Dr.  Ma\  Woi.K  sometiiiif  ago  scut  luc  an  enlarged  photo- 
graph i)f  the  region  about  Algol,  for  the  purpose  of  deter- 
mining tlie  visual  magnitude  of  the  fainte.st  stars  visible 
on  his  plate,  wliich  liad  an  exjiosure  of  five  liours. 

During  his  visit  to  the  Lick  Observatory  in  1S93,  we  spent 
a  portion  of  an  evening  vainly  trying  to  make  a  jirint  of 
the  stars  pliotographed  agree  with  the  configurations  visible 
in  the  telescope.  On  receiving  his  enlarged  copy,  the  cause 
of  our  failure  at  once  became  apparent  —  the  print  we  had 
used  in  1893,  was  found  to  lie  a  reversed  one. 

Lick  Observatovij.  '[X\)r^  Fi'linniri/H. 


I  recently  coni|iaii'(l  the  enlarged  silvei-prinl  with  the 
sky,  and  was  (juite  surprised  to  find  that  it  certaiidy  con- 
tained the  stars  down  to  the  1().5  magnitude  assuming  that 
a  17.0  magnitude  star  is  at  the  limit  of  vision  of  our3()-inch 
refractor. 

As  there  is  alwaj's  some  loss  during  the  jirocess  of  en- 
larging a  photograph,  it  ajipears  probable  that  practically 
every  isolated  star  visible  at  Mt.  Hamilton  can  be  photo- 
graphed b\  Dr.  Wolf,  at  or  near  sea  level,  with  his  eom- 
l>aratively  small  telescope. 


OIJSEKVATIONS    OF    KNCKES  COMET, 

MAIIK    .\T    liOOnsKI.I.    (ll!SKI!V.\TOI!V,    XOUTUl-I  KI.I).    MINN..     Willi     1111,    lli-IMll    ItKFUACTOl:    AM)    lIl.Al:     Mil   IKiMKlKU, 

l!v    II.    C.    WILSON. 
[Commuuicateii  liy  I'lof.  \V.   W.   1'avnk.   Dhvitm- of  iln- oliscivatory.] 


1894-1»5  NorthlieUlM.T. 

* 

No. 
Comp. 

Ja        1 

* 

^'s  apparent 

1        s 

log 
for  a 

PA 

forrt 

,                                                ll         III         s 

'      Dec.  28     7  10  17 
.Ian.  16     (i  49  51 

22  ()  53  39 

23  6  11  48 

1 

1 

•> 

3 
4 

()  .  4 

9,6 

9  ,  6 

12  ,  6 

111         s             1 

+  1    17..S2 
-0  39.34 
+  0     1.88 
-0     5.79 

-6  22.1 
-0  19.4 
-2  51.8 
-6  42.0 

ll          m       s 

22  14  49.59 
21  .j9  43.33 
21  42  40.45 
21  38  47.79 

+  .3  30  39.9 
-0  50  13.6 
-4  .30  .50.4 
-5  19  34.3 

9.518 
9.594 
9.()20 
9.603 

0.772 
0.792 
0.795 
()..S(»1 

Mean  Places  for  1S94.0  and  1895.0  of  Comparison- Stars. 


Ked.  to 

8 

Ked.  to 

1 

* 

a 

app.  place 

app.  place 

.\iitli(irity                                         1 

1 

II         III         8 

22  13  29.44 

+  2^.33 

+3  36  47.4 

" 
+  14.6 

Munich  .•50669 

2 

22     0  23.46 

-0.79 

-0  49  47.7 

-   6.5 

Aniprieaii  Kjiliemeris 

3 

21   42  39.39 

-O.SL' 

-4  27  .■i().5 

-   S.l 

Schjellerup  S.S50 

^ 

21  38  54.40 

-0.80 

-5  12  44.0 

-  8.3 

Yarnall  9756,  Armagh,  2890 

CONTEXTS. 

DllSKKVATIONS   OF   CoMETel8il4   (SWIFT),    IIV    I'ICOF.  E.   E.    B.\RNAI!Il. 

Impi:ovki>  Elements  of  Comet  c  1894,  i;v  Dit.  S.  C.  CnAxiiLEii. 

Ki-iiKMKiiis  OF  Com KT  f  1804,   ijv   Ml!.  Ceokiie  K.   Wimtakki!. 

oiisEKVATioNs  OF  Vaimaiile  Stahs,   hv   Ml!.  Edwix   K.  SaWYEI!. 

OS  Comet  c  1894  axd  its  Identity   witu   DkVuo's,   1844  I,  iiv   IJii.  S.   C.  CuandleI!. 

Note  on  the  ViisfAL  Magxitcdf  of  the  Faintest  St.vks  ruorooKAi'iiEU  uv  Djt.  .Max   Woi.k,   at  IIeiuklueijO, 

BY    PltOF.  .J.    M.    ScllAEUERLE. 

Ohsep.v.\tioxs  of  Exike's  ('omet,  IIV   Dit.  II.   C   Wii.sox. 
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OBSERVATIONS   OF  SMALL  PLANETS, 

made  at  the  dudley  obsekvatoby,  albany, 
By  lewis   boss. 


1894  Albany  M.T. 


No. 
Corap. 


^ 


Ja 


j8 


"s  apparent 


lojr  p,\ 

lor  a       I      I'm-ii 


I 


i 


May  29 

June  21 

28 

30 

July    3 


Aug 


G 
9 
10 
15 
16 
17 


June  28 

30 

July    4 

5 

25 

26 

5 

9 


Auff. 


14  12  32 
13     9  28 

12  50  45 
11  38  47 

10  22  41 

13  20  12 

11  30  43 

5 

n 


11 

11     i) 
9  21 


11 
9 
9 


July 
Aug. 


5 

6 

9 

10 

22 

26 


23 
6 
15 
9  30  15 
9  57 
1 
n 


58 

7 


8  39  13 


11  26  33 

12  45  34 
11  43  36 

10  29  46 
9  23  15 

11  21  40 

12  43  54 
11  15     7 


13  32 

14  4 


34 
17 

13  56  26 
13  28  14 
13  10  17 
10  45  29 
12  56  57 


1 

5 

2 

t 

3 

7 

3 

7 

4 

7 

4 

7,6 

4 

6 

5 

7 

6 

10,9 

6 

8 

7 

3 

7 

G 

8 

10 

8 

9 

8 

8 

9 

5 

9 

9  ,  8 

10 

12 

10 

9  ,  6 

11 

5 

12 

6 

13 

8 

14 

6 

Sept.  29     14     4  59     |    21 


JJcra  (103). 


+  0 
+  1 
+  2 
+  0 
+  4 
+  3 
+  2 
-0 
-1 
-1 
+  4 
+  4 
+  0 
+  0 
+  0 


+  5 
+  3 
+  0 
+  0 
+  3 
+  2 


20.88 
35.54 
37.01 
50.16 
15.69 
14.66 
25.11 
42.00 
20.35 
33.76 
12.12 
3.86 
25.00 
27.78 
32.40 


-9 
+  1 
-3 
+  3 
+  0 
2 

+  6 
-0 
-3 
+  3 
-0 
+  4 
+  1 
-1 


Chaldaea 
+  0 

o 
—  O 

-0 
-3 

-0 

+  0 
+  4 

+  1 


19.03 

23.08 

57.83 

.3.14 

31.84 

38.S4 

1.21 

37.95 

20.9 
18.9 
17.3 
38.2 
26.8 
24.2 

7.8 

0.2 
26.2 
19.2 

1.6 
15.9 
54.3 
55.2 

2.0 

(313), 
27.3 
11.6 
51.8 
22.3 
0.2 
31.1 
12.9 
16.7 


18 
18 
IS 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


19 
19 
19 
19 

18 
18 
18 
18 


15 

8 

16 

8 

17 

8 

18 

5 

18 

7 

19 

7 

20 

5 

-0 

+1 


Andromache  (175) 


39.70 
1.20 
+  0  26. 95 


+  4 
+  3 


20.08 
41.19 


+  3  31.97 
+  2  3.3.69 


-6 

-4 
+  2 
+  5 
+  2 
+2 
_2 


45.6 
13.6 
52.6 
41.4 
12.5 
10.2 


22 
22 
22 
22 
22 
22 

09 


36 

30 

28 

26 

25 

24 

10 

4 

4 

3 

3 

3 

3 

3 


6 

5 

1 

0 

42 

41 

35 

33 


Laiirentia   (162). 
-0  35.66  I  +4  59.9  | 


51.96 
49.77 
31.92 
45.10 
4.23 
3.21 
13.67 
58.31 
41.76 
28.34 
54.70 
46.43 
34.91 
37.68 
42.28 


59.00 
2.48 
15.55 
20.87 
33.85 
44.59 
18.19 
24.33 


37  49.62 
33  20.92 
32  45.49 
30  53.66 
30  14.79 
21  37.83 
18  28.98 


-16  49 


■17 
-17 
-17 
-17 
-17 


19 
35 
40 
48 
51 


-17  54 
-18  44 
-19  27 
-19  30 
-19  40 
-19  43 
-19  58 


-20 
-20 


It 

17.3 

M8.260 

46.1 

8.831 

51.2 

8.989 

46.5 

M8.416 

30.5 

M9.166 

33.1 

9.317 

5.1 

7.785 

18.3 

9.060 

55.7 

9..360 

48.7 

8.586 

6.0 

8.910 

23.4 

9.435 

16.4 

8.862 

15.5 

8.938 

12.7 

8.630 

3 
6 
15 
18 
38 
44 


20.1 
58.6 
52.5 
22.9 
38.8 
11.9 
39  53.6 
2  59.6 


M9.127 

8.525 

w8.676 

719.241 

W9.083 

9.049 

9.505 

9.318 


13 

20  59.4 

w8.907 

13 

48  43.4 

8.768 

13 

52  3.5 

8.718 

14 

2  26.9 

8.378 

14 

5  55.8 

«7.370 

14 

48  25.2 

/i9.238 

15 

2  7.5 

9.068 

0.880 
0.848 
0.881 
0.S84 
0.879 
0.873 
0.885 
0.885 
0.875 
0.892 
0.891 
0.869 
0.892 
0.892 
0.894 


0.812 
0.814 
0.812 
0.812 
0.827 
0.824 
0.813 
0.827 


0.862 
0.865 
0.866 
0.867 
0.868 
0.864 
0.869 


0  25  4.3.38  I  -  2  17  19.2  I  9.,384  I  0.833 


(H) 
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Mean  Places  for  1894.0  of  Comparison- Stars. 


Ked.  to 

s 

Red.  to 

* 

a 

app.  place 

app.  place 

.Sulliority 

1 

h       III        s 

18  r>2  28.04 

+  2!'44 

-16  40  43.5 

-12'.9 

Albniiy,  2  oVkservations 

o 

18  35  11.25 

+  2.9S 

-17  10  21.1 

-   0.1 

Albany,  2  ob.scrvations 

3 

IS  27  51.85 

+  3.00 
+  3.09 

-17  37     2.1 

-  0.4 

-  0.2 

Y:uii.801S,  J..V.82-14,Albany2obs.(Notu 

1) 

4 

18  21  45.39 

1  +3.15 
'{  +3.17 

-17  51  50.7 

-  0.0 

-  0.6 

Yarn.  7965,  Gould  25182,'  Albany  2  obs. 

5 

18  11  37.08 

+3.2;i 

-IS  50  11.3 

-   7.2 

Yarn.  7890,  Gonkl  24927,  Albany  2  obs. 

6 

18     5  58.91 

+  .S.20 
+  3.19 

-19  27  21.8 

—  7.7 

—  7.7 

Albany,  3  obst-rvatioiis 

7 

17  59  39.44 

+  .■{.14 
+  3.13 

-19  42  59.4 

—  8.2 

-  8.1 

Albany,  2  observations 

8 

18     3     f..78 

(  +3.13 
"(  +3.1(» 

-20     3     2.6 

-   8.1 

Albany,  2  observations 

9 

19     1  30.. -)3 

+  2.S4 

+  2.S7 

-   5     3  42.9 

-  4.5 

-  4.1 

Gould  26181,  Albany  3  obs.  (Xote  2) 

10 

19     0  14.77 

+  2.95 
+  2.9{i 

-   5  14  50.9 

-  3.8 

-  3.7 

AUianj-,  2  observations 

11 

18  38  58.95 

+  3.0(; 

-   6  38  35.3 

-   3.3 

Albany,  2  observations 

12 

18  39     2.08 

+  3.07 

-   0  44  39.8 

-   3.2 

Albany,  2  observations 

13 

IS  32  13.92 

+  3.0(; 

-   7  44     3.2 

-  3.3 

Albany,  2  observations  (Note  3) 

14 

"18  34  59.22 

+  3.00 

-   8     4  13.4 

-  2.9 

Albany,  2  observations 

15 

22  38  2(5.29 

+  3.03 

-13  14  28.7 

+  14.9 

Munieh  I  and  Munieli  II 

16 

22  32  10.46 

+  3.20 

-13  44  45.1 

+  15.3 

^Munich  I  and  Munich  II 

17 

22  32  15.27 

+3.27 

-13  55  11.4 

+  15.3 

lionn  \1  and  Munich  I 

18 

22  26  30.24 

(  +3.34 
'(  +3.30 

-14     8  23.5 

+  15.2 

lionn  YI  and  Gould  30728 

19 

22  18     2.33 

+  .S.53 

-14  50  50.4 

+  15.0 

^lunich  I  and  ^lunieli  II 

20 

22  15  51.70 

+  3.59 

-14  59  25.2 

+  15.0 

Ilinnker  10111  and  ^lunicli  I 

21 

0  26  15.51 

T-3.53 

-   2  22  42.9 

+  23.8 

Gould  441  and  Karlsruhe 

(1)     3)c  3,  adopted  proper  motion  (Lai.ande  and  Argelander),  O'.OOO,  — 0".10.        (2)     ^9,  adopted  proper  motion   (Lai.ande, 
Besskl,  Lamoxt),  +0\00T,  — 0".03.         (3)     ^^c  13,  a  proper  motion  of  0".l  in  po.sition-angle  180"  is  probable. 


In  the  reduction  of  the  foregoing  observations,  one  turn 
of  the  micrometer-screw  was  assumed  to  measure  22".S07. 
This  value  rests  on  nine  series  of  determinations  upon  nine 
different  nights,  1894  June  14  to  1895  January  23. 

It  is  projiosed  to  adhere  to  the  use  of  this  value  until 
some  material  change  may  be  indicated  as  necessary.  Thus 
far,  I  have  been  unable  to  discover  any  measurable  irreg- 
ularity in  tlie  successive  turns  of  this  screw,  though  the 


arrangement  of  the  reticule  is  favorable  for  the  investiga- 
tion of  this  point.     The  results  may  be  summarized  thus: 


Jlethod 


Transits, 

/IS,  y  to  5  Cefi, 

M,  small  arcs  >  30' 

Concluded  value, 


Result 

Wt. 

22.805 

2 

22.873 

2 

22.850 

1 

22".SC7  ±  0".003 


EPHEMERIS  OF  VARIABLES   OF  THE   ALGOL-TYVl^, 

By  p.  S.  YENDELL. 


The  following  Ephemeris  is  in  continuation  of  Chaxd- 
ler's,  interrupted  some  months  since,  and  is  made  up  and 
will  be  continued  in  the  same  manner. 

The  times  for  6442  Z  Herculis  are  the  odd  epochs,  taken 
direct  from  Haktwig's  Ephemeris ;  the  even  ones  for  the 


coming  season  are  not  given,  as  they  will  occur  in  the  day- 
time both  here  and  in  Europe.  Inasmuch  as  some  tmcer- 
tainty  seems  yet  to  remain  as  to  the  subdivision- of  the 
four-day  period,  observations  to  prove  or  disprove  the 
existence  of  these  odd  minima  are  verj^  Important. 
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Al'l'KOXlMATK   EpHEMEBIS    OF    MiNIMA, 

1895  Greenwich  M.T. 

March 

March  1 

April 

April 

April 

(1            h 

d  Librae 

(1 

n 

8 

?7  Cephei 

1«' 

0'> 

U  Coronae 

d 

1 

8l 

S  Antliae 

15 

16 

U  Ci?phei 

30     19 

U  Opliiuchi 

15 

U  Opliiuchi 

17 

14 

V  Oijhiuchi 

1 

16 

U  Cephei 

15 

20 

8  Librae 

30     21 

S  Canci'i 

17 

S  Antliae 

17 

14 

/V  Antliae 

1 

19 

Z  Herculis 

15 

20 

(S  Antliae 

19 

8  Librae 

17 

15 

Y  Cygni 

1 

21 

Y  (;ygni 

k; 

21 

Jlay 

U  Cepliei 

23 

ii'  Canis  JIaj. 

IS 

S 

U  Ophiuclii 

2 

12 

S  Antliae 

16 

15 

Z  Herculis 

1     19 

Algol 

2 

5 

U  Ophiuclii 

Ls 

1(1 

.V  Antliae 

** 

IS 

[/Ophiuehi 

16 

16 

U  Opliiuchi 

1     21 

Ii  Cauis  ]\[aj. 

2 

11 

U  Coronae 

IS 

i;{ 

Algol 

2 

18 

S  Antliae 

17 

14 

Y Cygni 

1     21 

U  Opliiuchi 

O 

12 

S  Antliae 

IS 

14 

8  Librae 

2 

22 

U  Opliiuchi 

17 

15 

U  Coronae 

2     10 

S  Autliae 

o 

18 

U  Ophiuehi 

19 

(> 

U  Opliiuchi 

3 

8 

U  Cephei 

IS 

s 

U  0])liiuchi 

2     17 

Ji  Canis  Maj. 

o 

14 

U  Cephei 

19 

10 

f/ Cephei 

3 

9 

U  Oiihiuchi 

IS 

11 

U  Cephei 

3       7 

*S'  Antliae 

3 

18 

Algol 

19 

10 

Ji  Canis  Maj. 

3 

10 

U  Coronae 

18 

14 

[/"Oiihiuchi 

3     13 

S  Librae 

3 

17 

Ii  Canis  Maj. 

19 

12 

<S'  Antliae 

3 

18 

S  Antliae 

18 

14 

C/Ojiliiuchi 

4       9 

U  Ophiuclii 

3 

7 

S  Antliae 

19 

13 

Z  Herculis 

3 

20 

d  Librae 

19 

6 

y Cygni 

4     20 

tl  Cepliei 

4 

11 

X  Tauri 

19 

19 

Y Cygni 

4 

21 

Ji  Canis  Maj. 

19 

9 

8  Librae 

5     13 

U  Coronae 

4 

17 

S  Antliae 

20 

12 

Ii  Canis  Maj. 

4 

13 

S  Antliae 

19 

13 

f/Cej)hei 

5     19 

It  Canis  ]\Iaj. 

4 

17 

R  Canis  Maj. 

20 

15 

S  Antliae 

4 

17 

Z  Herculis 

19 

20 

Z  Herculi.s 

5     19 

S  Antliae 

4 

17 

S  Cancri 

20 

17 

U  Coronae 

4 

19 

r  Cygni 

19 

21 

U  Coronae 

5     21 

S  Antliae 

5 

16 

S  Antliae 

21 

12 

Algol 

5 

15 

Algol 

19 

22 

C/ Opliiuchi 

6     22 

U  Opliiuchi 

5 

20 

R  Canis  Maj. 

21 

IS 

Ii  Canis  Maj. 

5 

16 

R  Canis  Maj. 

20 

12 

U  Ojihiuchi 

7     18 

H  Canis  Maj. 

5 

21 

U  Ophiuehi 

21 

19 

<S'  Antliae 

5 

16 

5  Autliae 

20 

13 

8  Librae 

7     20 

S  Antliae 

G 

16 

(S  Antliae 

21 

19 

U Cephei 

5 

21 

U  Cephei 

20 

20 

Y Cygni 

7     20 

U  Opliiuchi 

6 

16 

U Cephei 

21 

*>o 

U  Ophiuehi 

5 

21 

S  Antliae 

21 

12 

C7  Ce])hei 

8       7 

jB  Canis  Maj. 

6 

16 

Algol 

oo 

7 

<S'  Antliae 

6 

16 

8  Librae 

21 

13 

U  Ophiuehi 

8     14 

U  Cephei 

6 

23 

8  Librae 

<>2 

7 

U  Ophiuehi 

6 

17 

Ii  Canis  Maj. 

21 

15 

U  Coronae 

9       8 

U  Opliiuchi 

i 

13 

U  Ophiuehi 

22 

15 

Y Cygni 

6 

21 

U  Opliiuchi 

21 

19 

[/(_)]  ihiuchi 

9     10 

tS  Antliae 

1 

15 

S  Antliae 

22 

19 

Ii  Canis  Maj. 

6 

21 

S  Antliae 

21 

20 

Z  Herculis 

9     19 

).  Tauri 

7 

22 

E  Canis  Maj. 

22 

21 

U  Opliiuchi 

7 

13 

V  Ophiuehi 

22 

15 

8  Lilirae 

9     22 

Algol 

7 

22 

U  Ophiuehi 

23 

12 

cV  Librae 

7 

14 

Algol 

22 

19 

U  Ophiuehi 

10       6 

8  Librae 

8 

"s 

S  Antliae 

23 

17 

.S'  Antliae 

7 

15 

R  Canis  Maj. 

22 

18 

[/■  Cephei 

10     19 

U  Ophiuclii 

8 

9 

I  Tauri 

23 

IS 

Z  Herculis 

7 

20 

S  Antliae 

22 

19 

y Cygni 

10     20 

S  Antliae 

8 

14 

U  Ophiuehi 

24 

7 

U  Coronae 

8 

6 

F Cygni 

22 

21 

8  Librae 

12     12 

S  Cancri 

8 

16 

U  Cephei 

24 

10 

U  Cephei 

8 

9 

U Cephei 

23 

8 

U  C'oronae 

12     18 

Ji  Canis  Maj. 

9 

6 

8  Librae 

24 

15 

U  Ophiuehi 

8 

9 

U  Opliiuchi 

23 

12 

U  Ophiuehi 

12     18 

U  Cephei 

9 

11 

S  Antliae 

24 

17 

Algol 

8 

11 

S  Antliae 

23 

18 

U  Cephei 

13       6 

S  Antliae 

9 

14 

U  Coronae 

25 

12 

S  Antliae 

8 

14 

Z  Herculis 

23 

19 

U  Ophiuehi 

13     15 

H  Canis  Maj. 

10 

9 

S  Antliae 

25 

16 

S  Cancri 

8 

16 

5  Librae 

23 

21 

Z  Herculis 

13     18 

S  Antliae 

10 

13 

B  Canis  Maj. 

26 

7 

8  Antliae 

9 

14 

S  Antliae 

24 

17 

Y  Cygni 

13     20 

d  Librae 

10 

16 

U  Coronae 

26 

14 

S  Librae 

9 

22 

U  Coronae 

25 

12 

U  Oiihiuchi 

14     11 

Algol 

10 

19 

S  Antliae 

26 

15 

Y  Cygni 

10 

21 

Algol 

25 

16 

8  Librae 

14     20 

S  Cancri 

11 

5 

U  Ophiuehi 

26 

19 

R  Canis  Maj. 

10 

7 

S  Antliae 

25 

16 

U  Ophiuehi 

15       7 

S  Antliae 

11 

12 

U Cephei 

26 

22 

U  Cephei 

10 

10 

U Cephei 

25 

20 

U  Cephei 

15     18 

Ji  Canis  Maj. 

11 

13 

Ii  Canis  ]Maj. 

27 

10 

S  Antliae 

10 

11 

r  Cygni 

25 

21 

6'  Cancri 

16     14 

U  Coronae 

11 

15 

S  Antliae 

27 

14 

S  Antliae 

10 

19 

S  Antliae 

26 

15 

1' Cygni 

16     20 

U  Opliiuchi 

11 

17 

;i  Tauri 

27 

17 

U  ( )pliiuclii 

10 

22 

U  Ophiuclii 

26 

20 

Z  Herculis 

17     18 

S  Autliae 

11 

19 

U  Ophiuclii 

27 

17 

Algol 

11 

8 

R  Canis  Maj. 

27 

7 

U  Ophiuehi 

17     19 

X  Tauri 

11 

21 

U  Ophiuclii 

28 

12 

S  Antliae 

11 

10 

S  Antliae 

27 

15 

U  Cephei 

18       6 

U  Cephei 

11 

22 

S  Antliae 

28 

12 

U  Coronae 

11 

17 

5  Cancri 

27 

15 

U  Ojihiuchi 

18     15 

U  Opliiuchi 

12 

13 

R  Canis  Maj. 

28 

14 

S  Antliae 

11 

18 

U  Ophiuehi 

27 

16 

U  Ophiuclii 

19     11 

JI  Canis  .^laj. 

12 

16 

U  Coronae 

28 

21 

U  Ophiuclii 

11 

IS 

Z  Herculis 

27 

19 

5  Librae 

19     12 

S  Antliae 

12 

19 

c1  Librae 

29 

7 

Z  Herculis 

11 

20 

7^  Cauis  Maj. 

2S 

10 

U  Coronae 

19     16 

U  Opliiuchi 

13 

9 

U  Ophiuehi 

29 

8 

R  Canis  Maj. 

11 

10 

U  Ophiuehi 

28 

12 

r  Cygni' 

19     20 

Algol 

13 

16 

U Cephei 

29 

9 

R  Canis  ]Vlaj. 

12 

13 

Algol 

28 

13 

U  Opliiuchi 

20       8 

S  Antliae 

13 

18 

<S'  Antliae 

29 

11 

U  Oiihiiiehi 

12 

14 

8  Librae 

28 

13 

U Cephei 

20     18 

JI  Canis  Maj. 

13 

19 

R  Canis  Maj. 

29 

17 

S  Antliae 

12 

18 

iS'  Autliae 

28 

14 

Z  Herculis 

21     18 

S  Antliae 

14 

17 

S  Antliae 

30 

18 

U  Ophiuehi 

13 

10 

F  Cygni 

28 

21 

8  Librae 

21     20 

S  Librae 

15 

8 

R  Canis  Maj. 

30 

20 

R  Canis  Maj. 

13 

16 

U Cephei 

28 

7 

(7  Ophiuclii 

22     20 

S  Antliae 

15 

17 

Algol 

30 

21 

S  Antliae 

13 

17 

U  Ophiuehi 

29 

8 

r  Cygni 

22     20 

X  Tauri 

15 

20 

8  Librae 

31 

15 

r Cygni 

13 

21 

R  Cani.s  Maj. 

29 

13 

U  Cephei 

23       6 

Algol 

16 

13 

X  Tauri 

31 

16 

8  Librae 

14 

14 

S  Antliae 

29 

13 

U  0])liiuchi 

23     16 

S  Antliae 

16 

15 

S  Antliae 

31 

18 

R  Canis  Maj. 

14 

20 

S  Antliae 

30 

13 

U  Ophiuehi 

24     12 

U  Ophiuclii 

16 

19 

U  Cephei 

31 

21 

S  Antliae 

14 

16 

R  Canis  Maj. 

30 

16 

U  Ophiuehi 

25       8 
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Z  Hfroulis 
Y  Cvgni 

May 

<1        h 

25     18 
25     IS 
25     20 

tf  Librae 
U  CorDiiae 
t'Ophiuclii 

May 

26  11   •€/ Cephei 
2(>     14     <V  Librae 

27  21    t'Ophiuehi 

May 

d        h 

28       5 
28     19 
28     17 

Y  Cygni 

V  Opliiuclii 
Z  Jlcrculis 

Jlav 

.1      \ 
2S     L'o 

29     13 

29     18 

ir  Cephei 
Y  Cygni 

May 

30  1 7 

31  20 

NOTES   ON  VARIABLE   8TAKS.  — No.  7. 

By  HEXHY   M.  I'.VHKIIUHST. 


In  December,  1894, 1  invented  and  constructed  a  Record- 
ing Photometer,  with  wliich  the  position  of  the  point  of 
e.Ktinctioii  is  obtained  by  measurement.  One  end  of  a 
sliding  rod  carries  a  pointer,  or  small  ring,  in  the  field  of 
the  telescope,  while  the  other  end  carries  a  pencil  to  record 


the  position  upon  a  sheet  of  paper  carried  between  rollers. 
This  method  may  be  less  accurate,  but  is  more  exjieditious, 
especially  in  the  observation  of  polar  star.s,  for  which  alone 
it  was  intended. 


Results  of  Obseevatioxs. 


Observed  Date 

No. 

Star 

Pliase 

Julian 

Calendar 

E 

Corr. 

W 

Kemarks 

6849 

It  Aqtiilae 

Max. 

3013 

1894 

July     3 

41 

+  27 

6 

Traces  of  secondary  maximuiu 

« 

ii 

Min. 

3165 

Dec.     2 

42 

0 

0 

Elements;  evidently  later,  but  lost  in  the  west 

6894 

S  Lyrae 

Max. 

3086 

Sept.  14 

_ 

_ 

(i 

]{eniains  visible  about  seven  monlhs 

6900 

W  Aquilae 

Max. 

3121.2 

Oct.    19 

— 

_ 

9 

Clianijes  at  nia.viinum  slow 

6903 

T  Saijittarii 

Min. 

3134 

Nov.     1 

27 

- 

1 

I'erliaps  nuuli  later;  previous  maximum  may  have 
been  nnich  delayed 

6905 

B  Sugittarii 

Max. 

3007 

June  27 

38 

—  22 

9 

Correspiiiiils  with  maximum  Ii  of  last  year 

ii 

ti 

Min. 

3119 

Oct.    17 

39 

—10 

*> 

(6915) 

—  Sagittarii 

Max. 

3120 

Oct.    18 

- 

- 

1 

Ap]>arenlly  rajiid  Huetualiim  ;  1  do  not  yet  voufli  for 
its  variability 

6921 

S  S/if/ittarii 

Max. 

3006 

June  26 

44 

-10 

0 

Correction  the  same  as  last  year 

6923 

Z  Sugittarii 

Max. 

3120.6 

Oct.    18 

5 

+  11 

9 

Revised  elements,  A.J.  ;J19 

_ 

—  Aquilae 



_ 

_ 



_ 

„ 

DM.  +12°4027;  no  period  will  satisfy  observations 

7085 

RT  Cygni 

Max. 

2990.6 

June  16 

13 

+  13 

5 

Revised  elements,  A.J.  319 

ii 

il 

Min. 

3103.0 

Oct.      1 

14 

+  30 

9 

41                            ((                                 Li 

ii 

tc 

Max. 

3185.8 

Dec.  22 

14 

+  13 

9 

..                           (t                                ((      < 

7118 

X  Aquilae 

Max. 

3043 

Aug.     2 

„ 

— 

() 

.l.J.  323 

7192 

Z  Cygni 

Max. 

2991 

June  11 

10 

-   1 

5 

Fell  below  13  mag.  in  <  90  days 

7234 

Ii  Capricomi 

Max. 

3135 

Nov.     2 

37 

-21 

5 

Confirms  correction  of  last  year 

7252 

W  Capricomi 

Max. 

3097 

Sept.  25 

39 

+  12 

7 

Compared  as  before  with  elements  in  A.J.  319 

7259 

BS  Cygni 

_ 

_ 

_ 

_ 

_ 

_ 

No  possible  period  will  satisfy  the  obs. 

7261 

Ji  Delphini 

Max. 

3030 

July  20 

37 

-   8 

4 

<£ 

it 

Min. 

3074 

Dee.  11 

38 

_ 

0 

Assumed  mininnun,  invisible  at  least  30  days 

7455 

U  Capricomi 

Max. 

3119 

Oct.    17 

67 

-22 

7 

.\grees  with  nwult  last  year 

7458 

V  Delphini 

— 

— 

_ 

_ 

— 

_ 

Period  possibly  .")42  days 

7468 

T  Aquarii 

Max. 

3076 

Sept.    4 

59 

-14 

5 

No  indications  of  a  later  crest;  A.J.Zll 

7571 

V  Capricomi 

Max. 

3103.9 

Oct.      1 

63 

+  10 

9 

Seems  to  Huctuate  near  maximum. 

7659 

T  Capricomi 

Max. 

3150.3 

Nov.  17 

53 

+   5 

9 

7733 

Y  Ca/jricoiiii 

Max. 

3100 

Sept.  28 

16 

+  14 

5 

Including  rejected  estimates  would  make  it  earlier 

7944 

T  Pegasi 

Max. 

2908 

May   19 

29 

0 

0 

Elements;  diminishing  when  first  seen  in  .June 

8068 

S  LcKertae 

Max. 

3089.0 

Sept.  17 

7 

+  79 

9 

A  period  of  23(5  days  seems  now  most  plausible. 

££ 

ii 

Jlin. 

3218 

Jan.   24 

- 

- 

2 

M  —  m  =  107.     Corresponds  with  2746;  ^./.  314 

Individual  Observations. 


0849  R  Aquilae. 

6849  R  Aquilae. 

-Cont. 

(Continued  from  311) 

Julian    Calendar 

Mag. 

Julian    Calendar        Mag. 

d                   WM 

d             IntH 

3018     July    8 

6.34.. 

2978     May  29       8.25„ 

3025              15 

6.39, 

2994     June  14       6.97„ 

3029              19 

6.30„ 

3010              30       5.81„ 

3038              28 

7.8L 

6849  R  Aquilae.  — Cowt. 

Julian    Calendar  Mag. 

d  IsM 

3052     Aug.  11  7.07„ 

3003  22  7.92." 

3077     Sept.    5  8.69": 

3087.6  15  S.93„ 


6849  B  Aqtiilae.  —  Cent. 

Julian    Calendar  Mag. 

d  18!« 

3104.5  Oct.     2  9.58., 

3113.5  11  li>.()9, 

3129.6  27  10.05., 
3152.4  Nov.  19  11.30„ 


6849  R  Aquilae 

—  Cont. 

Julian    Calendar 

Mag. 

d                  16W 

31 62.5  Nov.  29 

11.02., 

3100.5  Dec.    3 

11.80, 

3177.5           14 

12.11 

3183.5           20 

11.3] 
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6S94  SLyn 

Julian    Calendar 

ll  isin 

2988  June  8 
3017  July  7 
3048  Aug.  7 
3062  21 

3078.GSeiJt.   6 


11 

21 

1 


3083.6 
3093.5 
3103.5  Oct. 
3107.6 
3121.5 
3129.5 
3149.5  Nov.  16 
3159  26 
3177.5  Dec.  14 
3188.5     25 


19 

97 


Ma-. 

12.0] 
11.6 
10.9 
10.61., 
10.41., 
9.92.; 
10.13„ 
10.61.'; 
10.5  ' 
10.87„ 
11.32; 
11.48; 
11.4  ■ 
12.10., 
12.7  ' 


6900  WAqidlae. 

18iH 

2988     June   8 

13.0] 

3017     July    7 

12.0 

3064     Aug.  23 

10.4 

307S.6Sept.   6 

9.43 

3083.6 

3093.6 

3103.5  Oct. 

3109.5 

3121.5 

3129.5 

3134.5  Nov. 

3136.6 

3140.5 

3148.4 

3158.5 


11 

21 

1 

7 

19 

27 

1 

3 

7 

15 


8.36,, 
8.6O; 
8.06; 
7.79.; 
8.1s; 
7.69; 
8.02; 
7.88; 
8.04., 
8.26; 
8.76,, 


2983 
2988 
3001 
3013 
3017 
3020 
3030 
3050 
3063 
3072 


6903  TSagitiarl 

1S94 

June   3 

8 
21 

3 

7 
10 
20 

9 


July 


Aus 


31 


3078.6  Sept.   ^) 


3093.6 
3101.5 
3107.5  Oct. 
3120.5 
3122.5 
3124.5 
3134.5  Nov. 
3149.5 


21 
29 

5 
18 
20 
22 

1 
10 


8.1 

8.1 

8.0 

8.24., 

8.08" 

8.54 

8.57„ 

9.68., 

10.03; 

10.36., 

10.48., 

IO.8O; 

11.07; 

11.47; 

11.91; 

11.91; 

12.00; 

12.10;, 

11.3]" 


6905  R  Sari'ittarU. 
(Continued  from  311.) 

2983     June"  3       7.7 
2988  8       7.4 

2994  14       7.08., 


G905  BSaffittar 


Julian 

2997' 

3003 

3010 

3017 

3020 

3030 

3050 

3101.5 

3120.5 

3122.5 

3124.5 

3134.5 

3149.5 


Calendar 

tluue  17 

23 

30 

July    7 

10 

20 

Aug.    9 

Sept.  29 

Oct.   18 

20 

22 

Nov.    1 

16 


t.— Cont 
Mag. 

7.48. 
6.96; 
6.34; 
7.58" 
8.06 
8.09,, 
9.3  ' 
11.89., 
12.63; 
12.26; 
12.5  " 
12.30 
11.3] 


(6915)  Sagittarii. 


3003 
3010 
3017 
3020 


June  23 
30 

July  7 
10 

3097.5  Sept.  25 
3101.5  29 
3120.5  Oct.  18 
3122.5  20 
3124.5  22 
3134.5  Nov.  1 
3135.5  2 
3149.5     16 


10.62 

10.25 

10.09 

10.12 

10.71., 

10.88" 

9.19 

10.78 

10.81 

9.51 

9.79 

10.33,.: 


6921  S  S<"jlnaru. 
(Continued  from  311.) 

2988  JunTs  11.0 

3001  21  10.1 

3003  23  10.04., 

3010  30  10,20,; 

3017  July    7  10.25; 

3020  10  10.73; 

3047  Aug.    6  11.34; 


6923  Z  Sagittarii 
(Continued  from  311.) 

12.2] 
12.4] 
12.9 


18',)4 

2988  June  8 
3020  July  10 
3047  Aug.  6 
3063  22 
3092.6  Sept.  20 


3093.5 

3097.5 

3101.5 

3107.6  Oct. 

3112.5 

3117.5 

3124.5 

3133.5 

3134.5  Nov. 

3135.5 

3137.5 


21 

25 

29 

5 

10 

15 

22 

31 

1 

2 

4 


12.5] 

10.6 

10.45., 
9.79; 
9.73., 
9.38; 
8.683 
8.36., 
8.2  " 
9.27 
8.63,, 
9.20; 
8.89; 


—  Aqnilae. 

DM.  12°4027 
isra-4 

2684  Aug.  8   8.6 
2687      11   7.64. 


2701 
2744 

2754 
2784 
2818 
2824 
2829 
2994 
3023 
3062 
3065 


—  Aqiiilae. — 
Julian    Calendar 

Aug.  25 

Oct.     7 

17 

16 

20 

2() 

31 

June  14 

July  13 

Aug.  21 

24 


Nov. 
Dec. 


iOct. 


3079.5  Sept.    7 

3087.5 

3093.5 

3095.5 

3097.5 

3103.5 

3104.5 

3112.5 

3113.5 

3117.5  Oct. 

3167.5  Dec. 

3168.5 

3169.5 

3185.5 


15 
21 
23 
25 
1 

10 

11 

15 

4 

5 

6 

22 


Cont. 
Mag. 

7.64, 
8.05; 
7.89; 
7.67; 
6.99., 
7.15; 
7.56; 
7.45; 
7.69,, 
7.32,, 
7.52,, 
6.69^ 
7.77., 
7.98.; 
7.71„ 
7.01; 
7.61,, 
7.43, 
7.68" 
7.36., 
7.85,, 
7.53; 
7.35., 
7.6.9; 
7.97; 


2994 

June  14 

2995 

15 

2997 

17 

2998 

18 

3000 

20 

3064 

Aug 

23 

3072.6 

31 

3079.5 

Sept 

.    7 

3083.6 

11 

7085  RT  C'l/gn!. 
(Continued  from  311.) 

1394-5 

6.95„ 
6.71; 
6.53., 
6.84; 
6.78; 

10.0  " 

11.32,, 

11.54; 

11.52; 

11.71; 

11.61„ 

12.44; 

12.43; 

12.26; 

12.44; 

12.27; 

11.20„ 

10.74; 

10.17; 
8.99; 
7.76; 
7.75,, 
7.36; 
7.29; 
7.52 
7.39,, 
8.05; 
8.14; 


3084, 

3087, 

3092 

3094 

3101 

3108 

3120 

3129 

3135 

3144 

3155 

3166, 

3168 

3180, 

3185.5 

3194.5 

3198.5  Jan. 

3208.5 

3209.5 


6 
6 
.6 
6 

.5  Oct. 
5 
.5 

5  Nov. 
5 
5 

5  Dec. 
5 
5 


12 
15 

20 
22 
29 

6 
18 

27 

o 

11 

22 

3 

5 

17 

22 

31 

4 

14 

15 


7118  X  Aqnilae. 

2988     JunTs     11.6 
3014     July    4     10.2 


•118  A' 


.lulian 

3019" 

3023 

.■5037 

3050 

.3063 

3078.6 

3093.6 

3104.5 

3108.5 

3120.5 

3134.5 

3149.5 

3159.5 

3177.5 


ijiiilae- 
Calendar 

July  9 
13 
27 

Aug.  9 
22 

Sept.  0 
21 

Oct.     2 

6 

18 

Nov.  1 
16 
26 

Dec.  14 


-Cont. 

Mag. 

9.99,, 

9.3(); 

9.34; 

9.12; 

9.52; 
10.34; 
11.63; 

ii.io; 
12.44; 

12.27; 

12.80., 
12.4]" 
12.2] 
12.1] 


7192  Z  Cijgni 
(Continued  from  311.) 


2978 

May  29 

7.89 

2994 

June  14 

7.54 

2995 

15 

7.43 

2997 

17 

7.96 

3000 

20 

8.26 

3004 

Aug.  23 

11.3] 

.3072 

31 

11.3] 

3084 

Sept.  12 

12.8' 

7234  R  Cajn'icorni. 
(Continued  from  311.) 

1S»4 

3095.6  Sept.  23     12.4 


310.5.5  Oct.  3 
3121.5  19 
3129.5  27 
3134.5  Nov.  1 
3148.5  15 
3152.5 


19 


3158.5 


12.3 
12.14„ 
11.87; 
11.92; 

12.08; 

12.00; 
12.32; 


7252  W Capvlcornl. 
(Continued  from  311.) 

12.5] 
12.8 

20     12.6 

23 

24 


18114 

3065     Aug.  24 

3078.6  Sejrt.   6 

3092.6 

3095.5 

3096.5 

3097.6 

3101.6 

3103.6  Oct 

3105.5 


Si) 

29 
1 


12.98,, 
12.8  " 
12.43., 
12.961 
12.99., 
13.05; 


71 

?59  R,S  Cijg 

ni. 

(Continued  from 

311.) 

181P4 

2994 

Juue 1 4 

7.59 

2997 

17 

8.03 

3026 

Julv  16 

7.84 

3027 

17 

7.96 

3028 

18 

7.95. 

3029 

19 

8.25. 

3062 

Aug.  21 

7.31 

.3072 

31 

8.02 

12m  RS  Cygni.-Co^t. 
Mag. 

7.62, 
8.10; 
8.7O2 
8.10, 


Julian     Calendar 

ll  IS'.H 

;!084.6  Sept.  12 


3103.5  Oct. 

3113.5 

;}117.5 

3136.6 

3137.6 

3160.5 

3167.5 

3168.5 

3169.5 

3185.5 


Nov, 


Dec. 


1 
11 
15 
3 
4 
27 
4 
5 
G 


8.51^ 
8.51,; 
8.62. 
8.25; 
8.332 
8.4U 
8.80., 


7261  7/  Delphini. 
(Continued  from  311.) 


July 


Aug. 
Sept, 


,W17 

.^.019 

3026 

3047 

3079 

3096.; 

3107.6  Oct. 

3121.5 

3134.6  Nov. 

3149.5 

3152.5 

3158.5 


3162.5 
3177.5  Dec 
.3183.5 
3194 


I 

9 

16 

6 

7 

24 

5 

19 

1 

16 

19 

25 

29 

14 

20 

31 


8.4 

8.55,. 

8.33, 

8.73^ 
10.1 
11.18, 
11.5 
12.2.3,, 
12.33, 
12.51, 
12.691 
12.7  ' 
12.8 
12.6] 
12.7] 
11.5], 


7455  U  CajM'irorni. 
(Continued  from  311.) 

1894 

3095.6  Sept.  23     11 

.3097.5 

3105.5  Oct. 

3121.5 

3129.5 

3134.5  Nov 

3148.5 


2," 
3 
19 
27 
.  1 
15 


11.2.3. 
11.10; 
10.3.3;, 
10.9.3^ 
11.01, 


11.75, 


7458  VDeJjihhn. 
(Continued  from  311.) 

1894-5 

3180.5  Dec.  17  12.2] 

3181.5     18  12.4 : 

.3183.5     20  12.5: 

3195.5  Jan.    1  12.4] 

7468  T  Aqiinrli. 

(Continued  from  311.) 
18M 
3064     Aug.  23       7.02„ 
.3070  29 

3077     Sejjt.    0 

3087.6  15 
3092.6  20 
3101.5  29 


7.38, 

6.90 

7.19, 

7.85, 

8.31, 


7571  V  Ciipricnnii. 
(Continued  from  311.) 

3087.5  Sept!"l5       9.42,, 

3092.6  20       9.58; 
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7571  V Capricorn! Con.]  "659  TCaprirorni 

\  Julian    Calendar 

1 310.5.5  Oct.     3 
31L'2.5  20 

.ni'O.S  1'7 

3134.5  Nov.     1 
313(i.() 


Julian    Calendar 

•1  ISM 

3095.(5  Sept.  23 


3101.(i 

3103.G  Oct. 

3107.G 

3108.5 

3112.5 

3117.5 


29 
1 


(') 

10 

15 


Mag. 

10.50.. 
9.18" 

9.1 2.; 

9.(;(;' 

9.SS.] 
9.f. 
10.4L 


7659  T  C"pr'trorn i. 
(Continued  from  311.) 

3095.6  Sept.  23  11.4 


3144.5 
3145.5 
3148.5 
3152.5 
315.-i.5 
3159.5 
3161.5 


11 
12 
15 
19 

2f> 
2S 


-Con 
Mag. 

11.4 

10.3 
9.- 

".•.4.s', 
9.20' 
9.30." 
9.29; 
8.99' 
8.7r 
9.50. 
9.11 
9.55 


•luliau    Calendar 
3072'    Au.'!"31 


7733  Y  CaprUornl. 
(Conlinned  from  311.) 
-Mas 


11.1] 

12.5 

12.3 

12.2 

12.."iO. 

12.41," 

12.5L 

12.9 


_  '3079.5  Sept. 
.•{092. (! 
309.-!.i; 
3095. (■> 
3101.6 
3105.5  Oft 
3121.5 


20 
.'1 


19 
I  7944  TPcijasi 

1891 

2988     June    8     10.1 
3011     Julv    1      11.2 


8068  S  Lnrertae. 

(C'ontlnnod  from  314.) 

.lulian    (aliMidar  Mag. 

3011'     Julv^l  11.6 

3048     Aug.    7  8.8 

3058  17  .S.7 

.3062  21  8.60 

.".070  29  .S.50., 

3079.5  Sept.  7  7.91)", 
30.S3.5           1 1       7.(;s.", 

3092.6  20  7.77.", 
3096.6  24  7.95", 
3103.6  Oct.  1  7.99' 
3109.5  7       7.95., 


8068  .S  Larertae.  —  Con. 


.lulian    Calendar 

31I8'.5  0c't.''']6 
313().6Nov.  3 
3158.5 
3181.5  Deo 
3194.5 
.■!20,S.5,Iaii 

;;214.5 

3220.5 
3221.5 
3236.5  Fel; 


IS 

.■;i 
11 

20 

26 


-Mag. 

s.(;9' 
10.1.-)., 

10.98', 
1 1 .93., 
12.1 
12.4 

12.4] 
12.0] 
12.4] 


Compakisox-Stars. 


/) 

K 

IX 

IC 

It 

2S 

Z 

IZ 

c 

f 


6894  S  Lyrae. 


+  25°3756 
+  25°3745 
+  24'36(!8 
-f-24°3659 
+  25°3748 
+  2.")°3762 
+  25°3750 
+25°3752 
2n.3/)  \Z 
TiiTji       I) 


7.0 

8.04 

8.63 

8.62 

8.69 

9.14 

10.42 

10.28 

11.01 

11.56 


0 
2M 
3-M 
2M 

3 
2M 

7 


6894  S  Li/rae.- Com. 
j     6«1/       /    12.37 
6900  WAqullafi. 


I> 

-(;v>io3 

6.65 

11 

—  (■.°50'.)2 

7.69 

s 

-7^4912 

9.19 

T 

-  7°4902 

9.48 

IT 

-7''4906 

9.21 

U 

-7°4894 

9.51 

\u 

-  7°4905 

10.21 

1 

3 
4 
14 
2 
o 


6900  TFAquilae.  —  Cont. 


'118  X  A'/ II  ilae.  — Cont. 


X 

-7''4895       10.40 

0 

2Z 

+  4°4255 

10..39 

1 

Y 

—  7°4896       10.94 

4 

•iZ 

+  4°4257 

10.20 

3 

\Z 

+  4°4242 

10..".6 

3 

71  IS  XA'iuUae. 

h 

9»7/'     Jl 

10. S3 

6 

C 

+  4°4264         6.8S 

()\ 

d 

9iij>        (,) 

11.24 

1 

D 

+  3°4172         6.05 

IV 

>l 

7 11  If      (,) 

11. 7S 

4 

H 

+  4°4243         S.39 

3 

i 

3.S-          V 

12.13 

3 

P 

+  3°4176         8.98 

;> 

111 

■Ap          V 

13.07 

1 

Q 

+3°4170         8.()5 

6 

\z 

+  4''424()       10.75 

1 

OB.SEKYATIOXS  OF   (81)  CLIO,   (113)  AMAL  THE  A  AND   (Vio)  ANDROMACHE. 


MADK    AT   THE   CIXCINXATI   OBSEHVATOUV, 

Bv  Phillips  Isham. 


1S94  Cincinnati  MT. 


July 


Aup 


24 
25 
27 
3 
4 
6 
9 


11  22  51 
10  21  43 
10  43  58 
10  24 


10 


17 
16 


10  34  20 

11  21  15 


Sept.  7  10  42  26 

Aug.  6  10  52  52 

Sept.  7  10  11  8 

8  9  49  44 

19  9  42  4 

21  10  0  8 

25  8  0  9 

26  10  7  17 

27  8  18  40 
29  11  29  8 

Oct.   1  7  27  28 


No. 
Comp. 


Jo.         I    -Ih 


P 


*s  apparent 


*  \os,p\ 
for  a       I      ford 


(84)  Clio. 


1 

8 

1 

8 

2 

9 

i       3 

7 

1       3 

8 

1       4 

8 

5 

8 

-0 

-1 

+  0 
+2 
+  1 
+  0 
-1 


35.86 
33.27 
25.90 
16.00 
9.77 
11.78 
20.43 


+  0 
-6 
-4 

-0 
-0 

+  2 


25.8 
45.7 
48.8 
55.1 
13.4 
55.7 
21.6 


21 
21 
21 
20 
20 
20 
20 


o 

57 
56 
54 
50 


3.62 

6.22* 

1.32 

26.45 

20.22 

6.93 

48.40 


-24 
-23 
-23 
-23 
-23 
-23 


1 
58 
51 
22 
17 

7 
51 


23.5 

«9.300 

11.9 

«9.4S5 

1.4 

H9.392 

18.7 

«9.334 

37.1 

«9.321 

46.5 

M9.216 

45.1 

«8.50!> 

0.883 
0.863 
0.875 
0.879 
0.879 
0.884 
0.891 


(\VS)  Amalthen. 
42.73  I    +0     3.6    I 

(175)  Andromache. 


22     7  21.14  I  -16  13  1S.2  |  7i8.523  I  0.860 


" 

8       1 

8 

8 

8 

8 

9 

8       , 

10 

8 

10 

8 

10 

8 

10 

8 

10 

8 

+  0 
+  0 
+  0 
-4 
—  5 
+4 
+3 
+  3 
+  3 
+  2 


30.02 

46.52 

6.83 

6.66 

0.09 

15.18 

54.23 

38.29 

5.30 

4.3.25 


+  3 
+  2 
+  0 
-1 
2 

+2 
+2 
+  3 
+4 
+  6 


9.6 
42.9 
38.0 
26.5 
20.9 
13.9 
31.8 

3.6 
22.1 

3.2 


22 
22 
22 
22 
22 
22 
22 
21 
21 
21 


32 
9 
9 
2 

1 

0 

0 

59 

59 

58 


49.18 
44.04 

4.35 
47.78 
54.42 
25.80 

4.85 
48.90 
15.88 
53.81 


-13 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 


45 
34 
36 
51 
51 
52 
51 
51 
49 
48 


35.0 

7(9.475 

32.8 

M9.011 

37.6 

?i9.135 

0.9 

wS.710 

55.2 

7.6.57 

2.1 

«9.307 

44.3 

8.806 

12.6 

«9.178 

54.3 

9.395 

13.3 

n9.336 

0.824 
0.855 
0.S53 
0.8.58 
0.859 
0.848 
0.858 
0.853 
0.842 
0.846 
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Mean   Places    for   1S94.0  of   Comparison- Stars. 

Keil.  to 

8 

Keil.  to 

* 

a 

app.  place 

app.  place 

A  iithorlty 

1 

II         111        s 

21     8  35.96 

+  3*52 

o        ;         ff 

-23  59     6.1 

If 
+  8.4 

Cordobii  Z.C.  XXI,  229 

*> 

21     4  31.85 

+  3.57 

-23  44  20.8 

+   8.2 

Ai-u;('iitiiie  CI.C.  29038 

3 

20  55     6.7(; 

+  3.69 

-23  17  30.9 

+   7.3 

Ai-^'ciitiiK^  G.C.  28796 

4 

20  53  51.40 

+  3.69 

-23     6  57.8 

+   7.0 

Ar^eutiut^  G.C.  28759 

i) 

20  52     5.12 

+  3.71 

-22  54  13.6 

+   6.9 

Cinciii.  Mer.  Circle,  1  oli.s. 

G 

22     9     0.20 

+  3.67 

-16  13  35.9 

+  14.1 

Ciiiciii.  ]\Iev.  Circle,  2  obs. 

7 

22  32  15.29 

+  3.27 

-13  48  59.9 

+  15.3 

Bonn  VI,  3  obs. 

8 

22     8  53.86 

+  3.66 

-15  37  29.9 

+  14.2 

Cincin.  Mer.  Circle,  1  obs. 

9 

22     6  50.80 

(+3.64) 
(+3.7li 

-15  49  47.9 

+  13.5 

Cinciu.  Mer.  Circle,  2  obs. 

10 

21  56     7.01 

(+3.61) 
(+3.55) 

-15  54  28.5 

(+12.5) 
1+12.0) 

Bonn  VI,  21",  68;  Cincin.  Mer.  Cii 

cle,  1  obs. 

OBSERVATIONS   OF   ENCKE'S   CO:srET, 

made  at  the  wesleyan  university  ob.seryatoky,  jrlddletown,  conn.,  avitii  12-incn  refuactor, 

By  W.  S.  EICHELBERGER. 


189.5  C 

ireenwich  M.T. 

* 

No. 
Comp. 

Ja 

-* 

j8 

o^'s  apparent 
a            1              8 

los 
lor  a 

forrf 

Jan.  1 

h        111      s 

7     12     3  13 
3     11  20  44 

1 

5 
10,5 

111         S 

-1  42.01 
+0     5.26 

/     II 

-4  23.3 

li        in       8 

21  57  40.56 
21  38  58.84 

0            /             // 

-5  17  14.9 

9.632 
9.633 

0.776 

Mean  Places  for  1S95.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Aiitliority 

1 
2 

h        m       8 

21  59  23.37 
21  38  54.38 

-o!80 
-0.80 

0        /         n 

-5  12  43.3 

-8.3 

Yarnall  9937 
Yarnall  9756 

OBSERVATION   OF   COISIET  e  1894. 


Tliis  object  was  observed  at  the  Cliamberlin  Observatory 
by  Dr.  H.  A.  Howe,  who  saw  it  as  an  extremely  faint  patch 
of  nebulosity,  devoid  of  condensation.  It  was,  when  first 
seen,  so  near  a  star  of   the  eleventh   magnitude,  that  its 


motion  soon  caused  it  to  disappear  in  the  glare  of  the  star, 
and  it  was  judged  best  to  assume  that  it  coincided  with  the 
star. 


1S9.5  Denver  M.T. 
Jan.  19  8"  30'" 


* 
11 


No. 
Comp. 

1,1 


?—  * 


0'"  iy.m 


J8 

0'  0".0 


"s  apparent 


0"  58"'  38«.01  I     +6°  17'  22".2 


log  ;)A 
for  a  for  (J 

9.556    I   0.708 


Mean  Place  for  1895.0  of  Comparison- Star . 

S  _,^,\"^'V-.ir^.„  Antliority 


.  Red.  to 

^  app.  place 

11  I  0"58'"38».0G  I  -0".O5  |  +6°  17' 19".9  |    +2".3    |  Microm.-comp.  with  Piazzi  269,  which  it  foil.  18'.12,  5'16".l  north. 


Red.  to 
app.  place 
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NOTE  ON  THE  NEBULA  DEEYER  N.G.C.  No.  532, 

By  E.  E.  BAKNAKIi. 


On  Jan.  28,  while  waiting  for  the  comet  to  pass  by  a 
very  small  star  that  interfered  with  its  visibility,  I  meas- 
ured the  position  of  the  center  of  Virightness  of  an  ex- 
tremely elongated  nebula  that  was  in  the  field,  south  pre- 
ceding the  comparison-star.  Tliis  nebula  I  find  is  Drcyer 
N.G.C,  No.  532. 
Neb.  -  star,  J«  =  -15'.70(3obs.),    /I8  =  -2'26".4  (2obs.) 

This  gives  the  place  of  the  nebula  for  ISfWi.O. 


«  =   1"  17™  57".G,     8  = 
Mt.  HumUton,  1895  Jun.  30. 


+8°; 


.0 


I  also  measured  tlie  jmsit ion-angle  of  the  axis  of  the 
nebula : 

r.A.    =   27°.9  (2  obs.) 

Its  widtli  fnuii  one  setting  of  tlie  wires  =  32"  and  its 
length  was  nearly  4'.  It  is  a  very  thin,  extremely  long, 
slender  nebula,  a  little  brigliter  about  the  middle  to  nearly 
a  faint  nucleus.  This  brightest  part  I  called  14".  The 
above  jilace  agrees  fairly  witli  the  one  in  tlie  New  General 
Catalogue  of  Nebulas. 


OBSERVATIONS  OF   SUSPECTED  VARIABLES, 

By  J.  A.  PAHKllLHST. 


(294)     -  Cassiopeae   =   DM.  57°1G5. 
According  to  Espin  (A.y.  No.  3264)  this  star  decreased 
from  8". 6  1894  Sept.  2,  to  9". 8  Oct.  29.     My  observations 
are :  m 


1894  Dec. 

5 

11.3  (moon.) 

17 

11.5 

20 

11.3 

29 

11.1 

1895  Jan. 

23 

1(1. (i 

Feb. 

21 

10.1 

23 

9.9 

The  redness  of  the  star  does  not  seem  sufficient  to  ac- 
count for  its  change  in  light. 

(691)      -Persei. 
I  have  looked  for  this  star  on  the  following  dates :    1892 

Marengo,  EL,  1895  Feb.  28. 


Dec.  3,  8,  23.  1893  Aug.  3,  11,  17  ;  Oct.  9;  Dec.  5.  1894 
Jan.  26  ;  Feb.  5,  27 ;  Mar.  6,  12,  2(5 ;  Apr.  5 ;  May  3 ; 
June  24;  Nov.  21  ;  Dec.  17.  1895  Jan.  23  ;  Feb.  15,  21. 
In  no  case  has  anything  brighter  than  12"  been  seen  at 
the  place  nor  has  any  change  been  detected  in  the  faint 
stars  in  the  vicinity. 

(780)  -Persei. 
This  star  was  observed  eighteen  times  from  1894  Apr. 
16  to  1895  Jan.  26,  at  least  one  observation  being  made  in 
each  month  except  September  and  October.  The  ex- 
treme limits  of  change  noted  were  8". 9  and  9". 4,  no 
more  than  would  be  expected  in  estimates  of  so  red  a 
star. 


COMETS   OF   THE   YEAR   1894. 

The  dales  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


Designation 

Perihelion 

Q. 

U 

i 

9 

</> 

Discoverer 

Date 

Synonym 

I 

II 

in 

IV 

Feb.      9.727 
A]iril  13.520 
April  23.247 
Oct.    12.188 

83  62 

206  21 

121  10 

48  45 

o         / 

46  56 
324  18 
185     5 
296  35 

o          / 

5  35 

87     3 
12  44 

2  68 

1.1508 
0.9834 
1.3506 
1.3920 

O           / 

45  18 

33  26 

34  52 

Denning 
Gale 
Fiulay 
Swift 

March  2(5 
April      1 
May       8 
Nov.     20 

a  1894 
b  1894 
c  1894 
e  1894 

Periodic 

Periodic 
Periodic 

The  periodic  comet  of  Excke,  d  1894,  first  seen  by  Cerui.h  Nov.  1,  passed  its  perlielion  in  1895  (Feb.  7.74). 


CONTEXTS. 
Observations  of  Small  Plaxets,  nv  Puof.  Lewis  Boss. 
EenEMERis  or  Vauiabi.es  of  the  Ai.iioi.-TypE,  iiv  Mii.  P.  S.  Yexdell. 
Notes  on  Vakiabi.e  Staks.  —  No.  7,  nv  Mu.  Henuy  M.  P.vukihkst. 
Observations  OF  (84)  Clio,  (113)  A.mai.tiiea  ani>  (17."))  ANDitoMAtuE,  bv  .Mh.  Piiii.i.ii's  Isiiam. 

OUSEKV.\TIONS   OF   ExCKE'S   CoMET,    BY    Mu.  W.    S.    ElCIIELBEH(;EH. 

Observ.vtion  of  Comet  e  1894,  by  Dr.  H.  A.  Howe. 

Note  on  the  Nebcla,  Dkeyer  N.G.C.  No.  .532,  by  Prof.  E.  E.  Barxaud. 
Observations  of  Slspected  Variables,  by  Mr.  J.  A.  Parkhurst. 
Comets  of  the  Year  1894. 
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MICROMETKIC   MEASURES  OF   THE   TWO   OUTER   SATELLITES  OF    UBANUS, 

AND   OF   THE   SATELLITE   OF  NEPTUNE, 

Uv  .J.  M.  SCHAEBKELE. 

These  miscellaneous  observations  were  primarily  made 
for  the  purpose  of  furnishing  computers  additional  data 
for  investigations  relating  to  the  masses  of  Unoiiis  and 
JS'^epfiine. 


In  measuring  the  position-angle,  tlie  micrometer  thread 
was  made  to  bisect  the  planetary  disk  in  each  case.     As 


both  of  the  disks  are  small  the  error  resulting  from  a 
faulty  eye-estimate  in  bisecting  can  probabh'  be  regarded 
as  being  less  than  the  other  errors  of  observation.  All  the 
measures  were  made  with  an  eye-piece  magnifying  520 
diameters,  and  witli  bright  thread  illumination. 


Satellites  op    Uvuhux. 
Oheron. 


Date 


Apr.     4 


Apr. 


Apr.  28 


June  19 


Pacific  Stand- 
ard Time 


h    in   s 

11  54  4 

12  11  26 

12  27  22 

13  6  34 
13  25  30 
13  40  52 

11  1(3  35 
11  38  33 
11  56  30 

10  35  35 
10  45  5 

10  57  27 


No. 

of 

Obs. 


4 

8 

4 

4 
8 
4 

3 

10 

3 

4 

10 

4 


Position 
Angle 


34.67 
35.35 
125.62 
126.37 
325.37 
326.33 
270.12 
270.95 


Distance 


42.78 


40.01 


41.72 


36.61 


Remarks 


Cloudy,  satellite 
dim 


Windy  and  poor 
seeing 


Date 


Pacific  Stand 
ard  Time 


June  20 


June  26 


July     4 


July     6 


9  16  52 
9  28  27 
9  40  30 

9  50  0 
10  4  24 
10  16  30 

9  3  50 
9  12  50 
9  24  50 

9  14  40 
9  24  20 
9  34  40 


No. 

of 

Obs. 


4 

10 

4 

5 

10 

5 

3 
6 


Position 

Angle 


300.10 

301.32 

97.62 

97.86 

315.00 

315.93 

3.97 

4.23 


Distance 


37.69 


36.54 


39.24 


44.35 


Remarks 


Titania. 


Date 

Pacific  Stand- 
ard Time 

No. 

of 

Obs. 

Position 
Angle 

Distance 

Remarks 

Date 

Pacific  Stand- 
ard Time 

No. 

of 

Obs. 

Position 
Angle 

Distance 

Remarks 

ISM 

li        m       s 

12  35  41 

4 

123!02 

// 

18W 

h        m       s 

12  34  54 

5 

27.84 

It 

Apr.     4 

12  48  45 

8 

29.39 

Cloudy,  satellite 

Apr.  28 

13     7  45 

10 

32.70 

13     2     7 

4 

123.75 

dim 

13  23     7 

4 

27.90 

13  49  36 

4 

239.95 

9  30  20 

4 

14.02 

Apr.     7 

14     6  30 

8 

29.64 

Windy  and  poor 

June  19 

9  45  29 

10 

33.01 

14  31  37 

4 

241.40 

seeing 

10     2     5 

4 

14.82 

(23) 
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Date 

Pacific  Stand- 
aril  Time 

No. 

of 

Obs. 

Position 
Angle 

Distance 

Remarks 

18M 

b      in      » 

9  49     7 

4 

52.67 

# 

June  20 

10     4  42 

10 

29.83 

10  20     0 

4 

53.10 

8  55  30 

4 

308.85 

June  26 

9  17  40 

12 

28.79 

Poor  seeing 

9  35  30 

4 

310.72 

Date 


.lulv     4 


Julv     (i 


Pacific  Stand- 
ard 'I'ime 

No. 

of 
Obs. 

Position 
.\ngle 

Distance 

1l        111         8 

9  32  50 

3 

270.°90 

0 

9  44  25 

6 

26.78 

9  59  50 

3 

277.57 

8  52  50 

3 

359.60 

9     2  10 

6 

33.18 

9     9  10 

3 

360.10 

lii'inarks 


Satellite  of  Neptune. 
In  the  morning  hours  of  the  night  of  1892  Sept.  24, 
while  examining  Xepfime  in  a  remarkably  clear  and  steady 
atmosphere,  I  observed  a  star  quite  close  to  tlie  planet, 
but  so  faint  that  it  was  near  the  limit  of  vision  of  the  36- 
iuch  refractor.  Its  dull  appearance  under  the  exception- 
ally fine  seeing  led  me  to  regard  it  in  a  suspicious  light 
and  the  following  observations  were  at  once  made  with  the 
position  micrometer.  Every  measure  made  for  position- 
angle  is  here  given. 


Pac.Standard 

Position 

Pac.  Standard 

Position 

Time 

Angle 

Time 

.Vngle 

b        m 

0 

li        m 

o 

15    15 

101.9 

16        6 

98.3 

15     25 

102.1 

16     15 

98.3 

15     40 

100.8 

16     37 

97.9 

15     48 

99.9 

16     43 

97.8 

16       0 

99.0 

After  the  last  of   the   above  observations  the  morning 
twilight  began  to  interfere  with  farther  measures.     A  final 


measure  at  16''  55" 


gave  a  ijosition-angle  of  99°.0,  but  the 

Observations  of  the  Satellite  of  Neptune. 


observation  was  very  unsatisfactory,  owing  to  the  increased 
brightness  of  the  field  of  view,  resulting  in  the  almost 
complete  obliteration  of  tlie  suspected  object. 

At  16''  23"'  tlie  distance  from  the  planet's  center  was  — • 
according  to  the  mean  of  three  measures  —  found  to  be 
24".4.  The  geocentric  motion  of  the  jilanet  with  reference 
to  a  fixed  star  in  place  of  the  suspected  object  would  ac- 
count for  only  1°  20'  of  the  total  change  in  position-angle, 
Ipaving  nearly  2°  of  angular  motion  still  unaccounted  for. 
As  the  motion  of  a  satellite  at  tlie  measured  distance  would 
be  something  less  than  one-half  of  the  whole  change  in 
position-angle,  the  quantity  unaccounted  for  is  probably 
due  to  errors  of  observation,  for  since  that  date  I  have 
often  examined  the  immediate  neighborhood  of  Neptune, 
but  no  measurable  object  in  apparent  orbital  motion  about 
the  planet  has  again  been  recognized.  It  is  proper  to  state, 
however,  that  on  no  subsequent  occasion  lias  the  seeing 
been  considered  equal  to  that  of  1892  Sept.  24.  Professor 
Holdex  has  several  times  requested  me  to  publish  the  ob- 
servations, and,  as  they  seem  very  properly  to  form  part  of 
the  mierometric  measures  of  this  paper,  I  now,  somewhat 
reluctantlj',  mention  these  simple  facts. 


Date 

Pacific  Stand- 
ard Time 

No. 

of 

Obs. 

Position 
Angle 

Distance 

Remarks 

Date 

Pacific  Stand- 
ard Time 

No. 

of 

Obs. 

Position 
Angle 

Distance 

Remarks 

18S4-5 

h        m       8 

7  32  15 

4 

259.35 

f 

189, 

h       m        B 

9  42     7 

5 

295.28 

n 

Apr.     5 

7  46  18 
7  58     0 

8 
4 

258.63 

14.60 

.Ian. 

29 

10  12  57 
10  41  16 

10 
5 

293.44 

11.48 

Poor  seeing 

Apr.  11 

8     9  51 

8 

14.85 

Wretclied  seeing 

7  29  56 

5 

249.72 

' 

8  10  41 
8     7  24 

8 

254.94 
299.58 

Obs.    verj'  poor 
and  unreliable 

Jan. 

30 

7  49  18 

8  5  17 

10 
5 

248.04 

16.45 

Poor  seeing 

Dec.  13 

8  23  58 

10.98 

S  21  46 

5 

206.15 

1 

8  44  48 

297.88 

Jan. 

31 

8  45  59 

10 

12.17 

Poor  seeing 

■  7  34  49 

5 

49.43 

9     5  11 

5 

203.67 

Jan.   10 

7  48  40 

10 

15.85 

7  54  29 

5 

66.97 

8     1  43 

5 

48.77 

Feb. 

2 

8  11  30 

10 

16.84 

10     8  31 

5 

208.12 

8  25  34 

5 

66.31 

Jan.   25 

10  24     4 

10 

12.93 

7  47  15 

5 

24.54 

10  45     7 

5 

206.32 

Feb. 

3 

8     1  33 

10 

12.24 

9  24  45 

.> 

122.3  J 

8  19     6 

5 

22.54 

Jan.  26 

9  42  38 

10 

10.84 

7  36  28 

5 

199.40 

9  57  26 

5 

121.16 

Feb. 

6 

7  48  24 

8  1  54 

10 
5 

198.42 

1 1.75 

Lii-h  Obserrutonj,  1895  Feb.  9. 
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LATITUDE-DETERMINATIOK  AT   THE   SAYKE   OBSERVATORY, 


The  results  of  the  Lititiule  work  at  this  phico  to  the  end 
of  the  year  18',).'!  may  be  foiuul  in  no.  Jil'L'  of  this  Journal. 
Since  that  time  observations  have  been  continued,  and  are 
st  ill  in  progress,  Init  on  a  somewhat  (lifleri'iit  plan.  Instead 
of  eleven  groups  of  stars,  four  oidy  have  been  employed, 
as  proposed  by  Dr.  Kvst^svu  (^Asfr.  Xnr/i.'No.  3015).  The 
four  groups  are  distributed  as  follows  : 


I 

Eight-Ascension 

.-)   ol 

to 

1 

23 

10  pairs 

II 

It             li 

11      1 

to 

lo 

51 

10     " 

III 

II             (( 

17  30 

to 

19 

35 

9     «  • 

IV 

ci                 a 

21  28 

to 

23 

52 

11     " 

By  C.  L.  UOOLITTLK. 

In  the  tabular  statement  following,  the  lioman  nunuu-ds 
I,  II,  III,  IV  refer  to  these  groups. 

All  of  the  pairs  employed  are  found  in  tlie  observing  list 
of  1892-93.  The  mean  declinations  resulting  from  the  ad- 
justment of  the  former  series  have  been  used  throughout. 
A  future  rediscussion  of  the  declinations  may  inti-oduoe 
slight  modiiicatioiis,  but  this  will  not  be  undertaken  at 
present. 

The  daily  means  are  as  follows  : 


9'  =  40°  36'  20"  + 


1894 


Jan. 


Feb. 


Obs. 


Mar. 


Apr. 


19 

■2.5 

27 

28 

30 

31 

1 

4 

5 

6 

11 

15 

16 

19 

20 

23 

24 

26 

27 

3 

4 


12 
13 
14 
16 
17 
18 
19 
6 
9 
13 
14 
15 
16 
22 
24 
25 
26 
30 


II 


3.31 

2.77 
3.20 
3.41 
2.89 
3.30 


3.21 
3.18 
3.11 
3.14 
3.23 
3.11 
2.86 
3.03 
2.89 

3.44 
3.36 
3.24 
3.49 
3.16 
3.31 

3.21 
2.86 
3.27 
3.16 


10 
10 
10 

7 
10 

9 


9 
10 
9 
9 
7 
3 
3 

10 
10 

9 

10 
10 
10 

7 
10 

10 
6 


Obs. 


3.24 


3.48 
2.83 


3.03 


3.29 


2.96 
3.18 
3.37 

3.46 
3.36 

3.26 

3.27 
3.24 
3.17 
3.16 

3.00 
3.45 
3.10 
3.41 
3.25 
3.10 
3.30 
3.30 
3.01 
3.13 
3.22 
3.27 


214 


1894 


May     8 


June 


1 

9 
10 
10 
10 

2 
10 
10 
10 
10 

9 

2021 


9 

10 
12 
13 
26 
27 
3 
4 
8 
9 
10 
11 
12 
14 
15 
17 
18 
20 
22 
27 
28 


II 


Jidv 


3.08 
2.86 
3.04 
2.89 
2.99 
3.03 
2.90 
2.70 
2.58 
3.00 
2.86 
3.01 

2.99 
3.00 
3.01 
2.95 
2.91 
3.03 
2.88 
2.90 
.■3.00 
2.85 
2.85 


Obs.     Ill 


10 

10 
9 

10 
4 

10 
8 
7 
6 
7 
9 
9 

3 
9 
9 
9 
3 


Obs. 


3.19 
3.12 
3.30 
3.11 

2.94 
3.11 


3.10 

2.87 

2.90 
3.04 
3.03 

3.00 
2.93 

2.98 
2.90 
2.88 


178 


1894 


July 


Aug- 


Sept. 


9 
10 
11 
12 
13 
17 
24 
25 
.    5 

6 

9 

10 
20 
21 
22 
23 
24 
31 

7 
11 
12 
15 


III     Obs 


113 


3.13 
2..S8 
3.42 
2.86 
3.01 
3.00 
3.23 
3.26 
3.04 
2.73 
2.97 
3.04 
3.01 
2.91 
3.08 
3.00 
3.02 
2.95 
2.99 
2.91 
3.05 
2.82 


IV     Obs 


3.01 


3.11 
3.05 
3.10 
3.30 
3.22 
3.13 
2.86 
2.74 
2.86 
2.98 

3.05 

2.99 
3.08 
2.99 

3.14 
2.99 
3.11 


1<8 


11 


11 
11 
4 
10 
11 
11 
11 
11 
10 
10 

11 
11 

10 

11 


1894 


Oct. 


Nov. 


187 


Dec, 


2 

5 

6 

11 

15 

16 

17 

18 

19 

20 

27 

31 

1 

2 

3 

4 

6 

10 

11 

12 

15 

16 

19 

20 

21 

22 

24 

26 

27 

28 

29 

3 

4 

5 

6 


IV     Obs. 


3.14 
3.14 
3.17 
3.25 
3.17 
3.05 
3.15 
3.01 
3.26 
3.12 
3.22 

3.12 

2.89 

3.20 


3.24 
3.28 
3.12 
3.15 
3.02 
3.29 
3.26 
3.10 

3.29 
2.75 
2.99 
3.34 
3.28 
3.14 
3.21 
2.93 


11 

10 

11 

9 

10 
11 
11 
10 

11 
10 
1  I 
11 
9 

10 
10 
10 


3.33 
3.20 

3.14 
3.27 
3.25 
3.08 

3.18 
3.18 
3.29 

3.24 

3.13 
3.21 
3  39 

3.38 
3.32 
3.31 


3.25 


3.58 


3.34 
3.35 
3.18 
3.31 


305 


:jbs. 


8 
10 

9 
10 
10 
10 

10 
10 
10 

10 

6 

10 
10 

8 
9 

10 
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These  liave  been  combined  to  fonu  the  mean  viilues  whicli  follow. 


P.M. 

Obs. 

A.M. 

Obs* 

i(PM+AM) 

P.M. 

Obs. 

A.M. 

Obs. 

j(PM+AM) 

Jan.    19-Fph.    16 

3.149 

100 

3*272 

30 

3.210 

Jiilv      9 -Aug.  10 

3.'o24 

93 

3'032 

101 

3.028 

Feb.    19 -Mar.     4 

3.165 

53 

3.269 

43 

3.217 

Aiiu.  20 -Sept.  15 

2.974 

85 

3.039 

86 

3.006 

Mar.     7-^[:ir.   19 

3.229 

59 

3.173 

38 

3.201 

Oct.      2 -Oct.    31 

3.145 

111 

3.204 

77 

3.174 

Apr.      6 -Apr.   30 

- 

3.204 

91 

3.204 

Nov.     1  -  Nov.  20 

3.155 

91 

3.290 

73 

3.222 

May      8 -June    11 

2.923 

99 

3.097 

36 

3.010 

Nov.  21  -  Dec.     6 

3.132 

103 

3.305 

49 

3.218 

June    1  "2 -July      5 

2.946 

79 

2.967 

57 

2.9.06 

875 

701 

Bethlehem,  Pa.,  1895  March  2. 


5830.     R  Scorpii. 

On  account  of  its  low  southern  declination,  this  star  is  a 
difficult  object  for  my  telescope,  and  onlj'  one  comparison- 
star  has  been  used  for  it,  DM. -22°4139,  <)".2;  the  Cor- 
doba DM.  rates  it  as  9''.4,  and  Parkhurst  gives  the  pho- 
tometric magnitude  10". IS.  On  account  of  these  differing: 
estimates  of  tlie  comparison-star,  and  the  uncertainty  of 
the  value  of  the  step,  no  estimates  of  magnitude  have  been 
attempted,  but  the  individual  stef)-estimates  will  be  given 
below,  the  comparison-star  being  =  5.0. 

Seven  observations  were  made,  from  1894  June  20  to 
AugTist  5,  showing  a  maximum  on  July  G.  The  individual 
observations  are  : 

1894  June  20 

July 


secured  as  follows,  the  same  comparison-star  being  used  as 
for  5830.     Thev  are  : 


894  Julv 

9      aAv 

1.0 

24       aov 

0.0 

Aug. 

5  «8-9y 

-3.5 

OBSEKAMTIONS  OF   LONG-PERIOD   VARIABLES, 

liv  PAIL   S.  YENDELL. 
5758.     X  Herndis. 

Twentv-nine  observations  of  this  star  have  been  obtained 
between  1894  J[arcli  7  and  November  29. 

The  star  was  nearly  at  minimum  light  when  fiist  ob- 
served, and  changed  very  slowly  until  the  end  of  May.  A 
verj'  uncertain  minimum  of  7".0  is  indicated  on  May  3±. 
A  rather  sliarp  rise  to  6''.0  took  place  from  May  29  to  July 
7,  and  the  star  remained  nearly  at  this  briglitness  until 
August  IG,  wlien  it  began  to  decline.  A  maximum  is  in- 
dicated about  July  9;  a  very  bright  minimum  seems  to 
have  occurred  on  September  G-7,  the  light  being  G".4,  fol- 
lowed by  a  rise  to  5". 9,  whicli  was  reached  on  November 
2—4.  At  the  last  observation  it  had  apparently  declined 
to  6''.1,  but  tliis  is  not  very  certain,  as  the  star  was  then 
low  in  the  northwest. 


It  seems  possible  that  the  star  passed  its  maximum  dur- 
ing the  interval  between  July  9  and  24,  when  no  observa- 
tions could  be  had. 


6005.  S  Drnconis. 
From  the  slowness  of  this  star's  light-changes,  it  is 
rather  seldom  observed ;  but  ten  observations,  from  1894 
^lay  10  to  Dec.  15,  show  a  well-marked  maximum  of  7". 8 
on  October  28.  The  observations  are  mostly  grouped  with- 
in six  weeks  of  the  maximum,  so  that  the  phase  is  very 
definitelv  marked. 


20 

3.0 

21 

1.0 

2 

8.0 

9 

8.0 

24 

3.0 

30 

1.0 

5 

1.0 

Aug. 

5831.     S  Scorpii. 
The  remarks  on  the  difficulties  of  observation  in  the  case 
of  5830  apply  equally  to  5831.     Four  observations  were 


6794.      R  Li/nie. 

R  Li/rae  was  observed  from  1894  October  6  to  1895  Janu- 
ary 4,  twenty-four  times. 

Assuming  the  magnitude  of  tjLi/rae  to  be  4". 5,  and  tliat  of 
F.  16  Lyrae  at  5". 2,  on  the  first-named  date  R  was  esti- 
mated as  4". 3;  it  declined  to  a  minimum  of  4". 8  on  Octo- 
ber 27.  From  this  point  it  increased  to  a  maximum  of 
4". 2  on  November  28,  which  was  followed  by  a  sharp  de- 
cline to  a  minimum  of  4". 8,  which  was  passed  December 
16.  When  last  observed,  the  star  was  again  slowly  increas- 
ing, and  was  apparently  about  4 ".6. 

6943.  T  Sagittae. 
T  So'jittae  was  observed  only  thirteen  times  during  the 
season.  These  observations  indicate  a  minimum  of  9". 4  on 
June  4,  the  star's  brightness  at  the  first  observation  having 
been  9".0.  A  maximum  of  8". 8  is  indicated  on  August  5, 
and  at  the  last  observation,  on  November  29,  the  star  had 
fallen  to  9".4. 
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7085.  RT  (•  11,11,;. 
Since  the  oli.served  maximnm  piililislicd  in  no.  32.'!,  I 
liavo  observed  this  star  sixteen  times.  It  was  looked  at 
on  18;)l  October  L'S,  and  was  tlicn  estimated  as  not  brij^litei- 
tlian  1()".;">.  01)servations  for  a  maximum  were  lie^iui  on 
November  22,  at  wliicli  date  it  was  1  ()"'.().  This  was  fol- 
lowed by  the  rapid  incri'ase  which  is  apparently  chariieter- 
istic  of  the  star's  variation,  and  on  Decend)er  5  its  brightness 
was  estimated  as  7". 4.  A  further  increase  to  7".!  took 
place  between  December  o  and  17.  and  the  maxiinum  is  in- 
dicated on  December  IS.  At  the  last  observation,  on  1895 
January  17,  the  star's  brightness  was  by  estimation  8".l. 

73;")!.     RW  C,j(jnl. 
During  the  year   1894  I  observed   73ol    eleven    times. 
The  dates  and  estimated  magnitudes  are 

1894  Jan.    1  9.6 

May  10  10.1 

22  10.0  ±      eye-estimate 

June   3  10.1 

20  9.4 

July    3  9.4 

Aug.  22  9.4 

31  9.2 

Oct.  28  9.2 

Nov.  22  8.9 

A    minimum    of    10". 1  seems    to    have    occurred    about 
Jfay  31. 

Do,;-],, -St,-,;  Mass.,  1895  F,'h.  1. 


7450.  V  Aiinarii. 
I  have  fifteen  observations  of  F^(/«"r//,  between  1894 
JuiK^  1  aiul  December  15.  At  the  first  observation  the 
star's  light  was  8". 5.  It  (lecrea,sed  gradually  to  a  niiui- 
mum  of  9". 8,  which  is  very  definittdy  indicated  on  Oct.  17. 
The  increase  has  been  steady  and  coiu])arativ(dy  quick,  and 
at  the  last  observation,  on  Dec.  15,  it,  had  reached  8". 5. 

75(;(».        /,'    \'„lii,;uih,,'. 

I  began  observing  li  J'iiIjji-.,',,/,,,'  on  1894  November  22, 
its  brightness  at  tiuit  date  being  9". 5.  It  rose  very  regu- 
lai'ly  and  rajiidly  to  a  distinctly  indicated  maximum  of 
8". 2,  which  took  ]dace  on  Dec.  15.  The  decline  has  been 
rather  slower,  and  when  last  observed,  on  1895  January  4, 
it  had  reached  9".0. 

7783      Jil^  (',/,/„,'. 

I  have  observed  RU  Cyr/iii  thirteen  times,  from  1894 
May  10  to  Deo.  22.  Its  changes,  though  slow,  have  been 
very  decided,  and  the  star  has  risen  from  8". 7,  its  bright- 
ness at  the  fir.st-named  date,  to  a  maxinnim  of  7". 5,  which 
was  passed  about  September  5.  The  brightness  at  the  last 
observation  was  8". 7. 

8591.  r  Ccph(>;. 
This  star  has  been  observed  nineteen  times  during  the 
year,  from  1894  January  14  to  1895  January  23.  A  maxi- 
mum of  6". 3  is  indicated  on  1894  January  27,  and  a  mini- 
mnm  of  7".0  on  May  12.  It  a])pears  to  be  now  near  another 
maximum,  being  aliout  C)'\'2. 


FINDING-EPHEMEKIS   FOK   COMET  1889  V, 

Bv  CHARLES  LANE  TOOK. 


The  following  ephemeris  was  computed  with  the  elements 
given  \\\  AstronomicalJournal,  no.  320,  whicli  are  osculating 
for  1896  Oct.  22.6,  Greenwich  Mean  Tiuie.  The  right- 
ascensions  and  declinations  are  api)arent,  but  the  times  are 
not  corrected  for  aberration.  The  corrections  to  the  places, 
due  to  the  perturbations  during  the  interval  1895  May  to 
1896  October,  are, 

Aa   =    +3'.3         JS   =    -10" 

It  will  be  recalled  that  there  was  an  uncertainty  in  the 
elements  used  in  my  previous  work,  which  uncertainty  was 
expressed  by  the  indeterminate,  )■.  The  ephemeris  is  com- 
puted for  the  mean  set  of  elements,  or  for  r  =  0.  Giving 
r  its  greatest  positive  and  negative  values,  we  find  that  the 
corresponding  corrections  to  the  ephemeris  may  amount  to, 
Ju   =    ±2'"         zJS   =    ±12' 

The  comet  at  this  o]iposition  should  be  extremely  faint, 
not  quite  so  bright  as  when  last  observed  at  the  Lick  Obser- 


vatory in  1891.     But  it  is  to  be  hoped  that  it  may  be  redis- 
covered and  a  few  observations  obtained. 

Ephemkuis  roil  Gkeenwich  Mean  Midnight. 
1S95  Apparent  a  App.  8  lof;.  A        Bright. 


April  12.5  15  43  51  -24     2.0 

16.5  15  41  48  -24     1.3 

20.5  15  39  31  -23  59.5 

24.5  15  37     0  -23  56.6 

28.5  15  34  17  -23  52.7 

May    2.5  15  31  24  -  -23  47.7 

6.5  15  28  23  -23  41.8 

10.5  15  25  17  -23  34.9 

14.5  15  22     7  -23  27.2 

18.5  15  18  55  -23  18.7 

22.5  15  15  44  -23     9.5 

26.5  15  12  37  -22  59.9 

30.5  15     9  36  -22  50.0 

June  3.5  15  6  43  -22  39.9 


0.51871    0.04 
0.50594 

0.49510    0.05 
0.48655 

0.48056    0.06 
0.47728 
0.47673   0.06 
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OX  THE  oijiur  OF  (iiio)  (jualdaka  and  A>n:KoiJ)  aw. 

KuoM  .V  Lettek  of  Mi£.  UEKHEKK'H. 

i>uly.  Then  the  peitmbatioiis  by  Jii/i!ter  were  lathev  im- 
portant ami  may  not  be  neglected  in  the  ])reclietion  of  the 
phinet's  jdaee  for  future  times.  Tlie  elements  of  phimt 
(313),  inehiiling  these  perturbations,  are.  for  Berlin  .Mian 
Time. 


With  your  iiermission  1  will  semi  you  some  remarks  con- 
eerning  planet  (313)  Clmhlafd.  In  Astntti.  .Inurmi',  no.3'J-, 
I'rof.  lioss  i)ublisheil  an  ephemeris  for  the  opjiosition  in 
1S94,  deilueeil  from  my  elements  in  the  Asfron.  Jufirhiu/i. 
These  elements  are  computed  from  the  first  apparition  (1891) 


EiMH-h  =  ISitl  Sept.  8.0 

M  =  228°    3  4t)!o 

o)  =  312  42  53.2 

Q    =  170  .-.n  10.2 

/  =  11  34  41.3 

^  =  10  21   .".2.0 

ft  =  9t;7".oif;'.i 

log»»    =  0.37(i373 

M.  Equin.  =  1890.0 


1803  Fob.  !l.O  ism  .Inly  14.0  IMtt  .Sept.  27.0 


7  -iS  r.s.i 

.•!l;!      .-!   42..". 

170  3.".  .S.S 
11  34  ".3.1 
10  21   11.3 

'.»0,S".329;t 

1>.37.">'.I89 
IKUO.O 


1  17  l.~.  3.">.5 
313     0  27.1 
170  34  29.2 
11   .-U  49.0 
10  22  20.1 
90S".07">9 
(t.37000."> 
IMtO.O 


20.~>  32  19.4 
313  10  19  3 
170  42  37.0 

11  34  r>;{.2 
10  23  20.2 

908".r.338 

0.37.".92S 

1900.0 


Now  the  large  correction  of  the  ephemeris,  +1"'  43',  as 
indicated  by  Prof.  Boss's  observation,  will  be  reduced  to  a 
few  seconds,  and  we  may  suj.pose  that  these  elements  will 
give  the  place  of  the  planet  at  the  next  opposition  very 
near  to  the  true  one.  I  shall  delay  the  imjirovement  of 
tlie  orbit  until  the  observations  made  in  1891  shall  have 
been  pvddished. 

Planet  (313)  is  of  some  interest  on  account  of  its  bright- 
ness and  its  small  distance  from  the  earth  when  near  i)eri- 
helion.  It  may  contribute  to  our  knowledge  of  the  Solar 
Parallax. 


The  planet  AW,  discovered  by  Dr.  II.  C.  Wir.sox  on  a 
photograph  of   the  PUiudes.  should  be   in  opposition  ou 

Berlin,  Xmo Fi-b.2\. 


April  13.     The  place  and  daily  motion,  as  derived  from  tlie 

circular  orbit,  are,  April  13.5  Berlin  Mean  Time : 

a  =  13''28"'.1  ,  !S  =  -9"  35',  ./«  =  -1'".0  ,  JS  =  +3'.7 

Brightness  about  12". 

As  the  planet  is  very  near  its  descending  node,  a  search 
along  the  eclii)tic  for  some  20  degrees  woidd  permit  its  re- 
discovery. But  that  can  be  done  suitably  except  by  the 
aid  of  photography. 

The  numeration  of  the  planets  IW  to  J5-.Vcan  not  yet  be 
assigned,  inasmuch  as  the  orbits  of  three  of  them  are  still 
to  be  computed.  As  soon  as  this  shall  be  done,  I  will  in- 
form you  of  the  results.  I'robably  /i A' will  become  =  398, 
BD  receiving  no  number,  BJ  =  309. 


OX  'I'liK  ^•.\l^.\l^J-: 


7247.  Vi'A'  Ci/'jiil. 
As  the  variability  of  this  star  has  been  contested  by 
Haktwii;,  I  have  continued  my  watch  on  it  during  the  past 
season,  from  1894  J[ay  9  to  Dec.  22,  during  which  time  I 
have  observed  it  thirty-seven  times.  The  result  of  these 
observations  has  been  to  confirm  my  impression  that  the 
star  is  variable  to  the  extent  of  about  half  a  magnitude, 
though  the  suggestion  of  a  short  period  has  not  been  borne 

out. 

The  changes  appear  to  be  quite  irregular,  and  the  range 
observed  has  been  from  S''.4  to  7".8,  altogether  too  large  a 
difference  to  be  imputed  to  errors  of  observation,  as  inti- 
mated by  Haktwig,  in  the  preface  to  his  Ephemeris  for 
1895.  My  observations  for  color  show  no  trace  of  redness 
in  the  star,  so  that  the  differences  observed  cannot  be  ac- 
counted for  on  this  score.  The  difficulty  of  the  magnitude- 
estimates  is  enhanced  by  the  errors  of  the  DM.  magnitudes 


STAKS   724:7  liX  CYGNI  AND   811G  W  CKI'HJJI, 

I!v  PAUL   S.  YEXDELL. 

j  of  the  comparison-stars  +47°3022  and  3025,  which  are 
respectively  8".0  and  8>'.l,  while  my  comparisons  show  an 
interval  of  four  steps,  representing  three  or  four-tenths  of 
a  magnitude. 

By  the  best  magnitude-scale  I  have  been  able  to  make,  I 
find  the  star  to  have  been  bright  and  faint  on  the  following 
dates. 


Bright 


Faint 


894  Mav   14 

7.8 

1894  May 

10 

8.2 

dune    1 

7.8 

22 

8.3 

July    I.". 

7..S 
7.9 

.lunc 
,lulv 

14 
M 

8.2 
8.4 

Aug.  10 
31 

7.9 
7.9 

21 

8.3 
8.3 

Sept.    6 
Oct.    28 

7.8 
7.9 

Aug. 

10 

8.3 

Nov.  22 

7.9 

Dec.   22 

7.9 
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811 G.  W  Cephei. 
The  observations  which  resulted  in  the  confirmation  of 
tlie  variability  of  this  star  were  continued  until  liS94  Febru- 
ary 11,  after  wliicli  time  the  star  was  too  near  the  northern 
horizon  for  useful  observation  ;  they  were  i'csuukmI  on  May 
9,  and  continued  until  1895  January  1,  and  number  in  all 
138.  These  have  been  carefully  reduced  anew,  and  yield 
twenty -one  maxima  and  eighteen  minima,  as  follows  : 

Observed  M.\xi]m.\  and  Mixim.v. 
Local  Moan  Time 


Maxima 

W 

0— c 

Minima 

L 

W 

O— C 

1893  Nov. 

10.3 

3 

-0.5 

1893 

Nov. 

18.0 

3 

-1.8 

21.6 

4 

-1.8 

24.3 

3 

-1.9 

Dec. 

12.8 

2 

+  0.7 

Dec. 

1.0 

4 

-1.7 

19.9 

4 

+  0.4 

24.1 

3 

+  2.0 

28.2 

4 

-1.3 

31.4 

3 

+  2.9 

1894  Jan. 

12.4 

2 

-1.0 

1894 

Jan. 

23.0 

3 

-0.3 

27.1 

O 

+  0.8 

Feb. 

1.0 

2 

+  2.3 

Feb. 

2.0 

4 

+  0.9 

6.2 

4 

+  1.0 

9.2 

3 

+  0.8 

July 

9.4 

1 

-0.3 

July 

13.6 

4 

+  0.9 

23.0 

2 

+  U.4 

24.4 

3 

-1.2 

28.3 

4 

-0.8 

Aug. 

Q.Q 

4 

-0.9 

Aug. 

16.7 

4 

-0.7 

13.0 

3 

-0.9 

23.3 

4 

-0.5 

19.7 

3 

-0.7 

29.2 

4 

-1.1 

26.4 

3 

-0.4 

Sept. 

20.3 

»> 

+  1.7 

Seiit 

2.0 

.;» 

-0.3 

Oct. 

17.3 

2 

-1.5 

Maxima 

W 

0-C 

Minima 

W 

O-C 

1894  Sept.   10.8 

23.5 

Oct.    20.4 

Nov.     4.4 

22.3 

4 
4 
4 
3 

3 

+  2.1 
+  1.9 
-1.3 
+  0.7 
-0.7 

1894  Oct.    31.3 
Nov.  20.3 

2 
3 

-0.4 
+  0.3 

The  star's  variation  seems  to  be  roughly  periodic  in  a 
period  rather  shorter  than  that  suggested  in  my  paper  on 
p.  187  of  vol.  XIII,  and  the  following  elements  satisfy  my 
observations  up  to  this  date  tolerably  well. 

Maximum,     1893  Nov.  10.1  Gr.  M.T.      +(W.1I  K 

The  residuals  in  the  above  table  are  from  com|iarison 
with  these  elements. 

The  average  interval  from  minimum  to  maximum  is 
about  three  days,  but  while  the  maxima  are  in  general  very 
delinitely  marked,  the  same  is  not  true  of  the  minima. 

The  irregularities  of  the  observed  variation  are  so  great, 
that  I  have  thought  it  unadvisable  to  attempt  the  formation 
of  a  mean  light-curve,  at  any  rate  until  mucli  more  material 
lias  accumulated.  The  general  character  of  the  variation 
seems  to  be  that  the  light-curve  is  rather  flat  for  a  day  or 
more  on  each  side  of  the  minimum  phase,  with  a  sharp  rise 
to  and  decline  from  the  maximum.  Two  or  three  of  the  max- 
ima, however,  have  been  extended  over  three  days  or  more. 

Dorchester,  1895  M<irrl,  4. 


OBSERVATIONS   OF   COMET  e  1894  (e.  swift), 


MADE  WITH  THE  2(i-INCII  EQUATORIAL  OF  TUE  U.S.  NAVAI, 

Bv  8TIM.S0N  .J.  I3F.OWN. 


OI!8EUV.VrOEY, 


[Communicated  by  Prof.  Wm.  Hahkness,  .Astronomical  Director. 


The  comet  was  compared  directly  with  some  star  in  the 
field  of  the  telescof)e,  by  measuring  witli  the  micrometer- 
screw  differences  of  riglit-ascensiou  and  declination.  The 
eyepiece  employed  with  a  field  of  about  10',  gave  a  magni- 
fying power  of  190.  The  comet  was  generally  difficult  to 
observe  on  account  of  unfavorable  seeing ;    it  was  vainly 


looked  for  on  the  nights  of  January  11, 14  and  20.  Stars  esti- 
mated to  be  below  15"  were  visible  on  these  nights,  but  the 
comet  could  not  be  seen.  The  atmospheriu  conditions  dur- 
ing all  the  month  of  January  were  very  bad,  there  being 
only  four  nights  on  which  the  satellite  of  Neptuiu'  c(nild  be 
seen  and  ol)served. 


^ 

OBSERVATIONS    OF   COMET  e  1894. 

No. 

#- 

-* 

S^'s  apparent 

lo.g 

P\ 

1894  Washington  M.T. 

* 

Comp. 

da 

JS 

! 

8 

for  a 

lor  li 

Obsr. 

Dec.  14 

h       m 

6  31.1 

1 

6 

-1L03 

+   62'.'7 

\\          111         s 

23  26     5.57 

-4  58  41.3 

8.895 

0.785 

B 

6  57.5 

1 

4 

-   8.15 

+  85.6 

23  26     8.45 

-4  58  18.4 

9.123 

0.783 

B 

15 

6  28.2       ~ 

•> 

4 

-211.2 

•          •          I          • 

-4  38  43.5 

0.782 

B 

6  42.5 

2 

4 

+  16.  IS 

23  28  51.00 

9.017 

B 

6  54.5 

o 

4 

-188.3 

-4  38  20.6 

■      '      * 

0.781 

B 

7     9.0 

3 

3 

-239.2 

-4  37  52.5 

0.780 

B 

7  22.0 

3 

1 

0.00 

23  28  55.86 

9.254 

B&H 

17 

6  30.4 

4 

4 

+  12.29 

23  34  14.92 

9.088 

B 

6  49.3 

4 

5 

+  346.2 

-3  57  48.0 

0.796 

B 

7     7.4 

4 

4 

+  16.67 

23  34  19.30 

9.283 

B 

7  26.0 

4 

1 

+  18.67 

23  34  21.30 

A 

7  34.5 

4 

2 

. 

+  385.4 

•          •          •          • 

-3  57     8.7 

.      .      . 

0.774 

A 

22 

6  -50.1 

5 

4 

+  5.03 

.     • 

23  47  39.26 

9.109 

B 

7     8.0 

5 

5 

+   61.9 

-2  17  20.8 

0.762 

B' 

7  20.1 

5 

4 

+  8.47 

23  47  42.60 

B 

27 

6  53.9 

6 

4 

-110.4 

—  0  40  13.9 

0.748 

r,&A 

7  21.5 

6 

9 

-  8.02 

.     .     . 

6     0  29.43 

9.214 

B&A 
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3JeaH  Placeft  for  1S94.0  of  Comparison- Stara. 

* 

a 

Iteil.  tu 
app.  place 

s 

UeU.  to 
app.  place 

Aiithorit.v 

1 

2 
3 
4 
5 
G 

(1 
1. 

h      m      ■ 

23  2(;  13.02 
23  28  31.8C. 
23  28  ri2.90 
23  33  59.03 
23  47  31.1.-. 

0    0  r.1.4.-. 

23  2C,     .3.17 
0     0    12.10 

+  2^98 
+  2.90 
+  2.90 
+  3.00 
+  2.98 
+  3.00 

O           1            » 

-5     0     1.1 

—  4  35  29.."'> 
-4  34   10..-. 
-4     3   -.1.7 
-2  18  41.2 
-0  38  42.9 

-4  39  .-.8.5 

—  0  28     0.5 

N 

+  17.1 
+  17.2 
+  17.2 
+  17.7 
+  18.5 
+  19.4 

M. 'vidian  circle,  1  obs.  ;  SDiM.  — 5°0000 
Eiiiiat.  colli].,  with  <i ;  SDM.  — 4°5905 
'•          '•     "      SDM.  -4°5908 
.A[cii(lian  circle,  2  obs. ;  SDM.  — 4°5923 
Equatorial;  SDM. -2°G051 
E([uat.  coiiiii.  witli  /( 

liadclittc  1890,  (1279;  SDM. -4°589G 
Weisse's  Hessel,  Sclijellerup 

2  —  n,     Jo  =  +2'"  28-.09  ,  J8  =  +4'  20'.0         3  —  a.     Ja  =  +2"  4n-.7.S  ,  J8  =  +5'  48'.0         0  —  6,     Ja  =  +0'"  12'.29  ,  J8  =  — 10'  30".4 

Tin- positions  of  slurs  'Jai^l  l>  ilepemi  upon  <'liri>nosra]>liic  compari- 
sons in  riglit-asccnsion,  ami  inicromeiriiMlltycrcnci's  of  ili'clination  willi 
the  9.(l-inoli  oi|uatorial.  The  position  of  (i  depends  upon  ilirtcreuees 
of  right-asccusion  and  declination  measured  in  steps  with  the  mi- 
crometer screw  of  the  20-iiich  e<|iiatorial. 

The  observations  of  December  14,  l.j,  17  and  22  ought  to  f;ivc  good 
positions  of  the  comet,  when  the  the  positions  of  the  comparison- 


stars  are  well  determined.  The  stellar  iiiielcus  of  tliecomi't,  allliougli 
ver.Y  faint,  could  be  accurately  bisected  by  the  micrometer  wire.  I'lie 
decliualious  obtained  on  the  l.'.th  from  the  lirst  comparison-star  are  dis- 
cordant, but  the  scource  of  the  discrepancy  can  not  be  found. 

The  i>osition  of  Dec.  27  is  not  entitled  to  much  weight,  as  the  weather 
was  not  good,  anil  the  coniot  was  only  visible  at  intervals,  and  then 
exceeilinglv  faint. 


CONFIR^MATTOT^rS  OF  TAliTATULTTY, 

ISv  IIKNKV  M.  PAKKUrKST. 
From  the  time  of  the  publication  of  the  Supplementary   \  in  no.  332,  passed  it.s  niininiuni  at  about  the  predicted  lime, 
List  in  June,  I  watched  for  (7492)  —Ci/t/ni.     I  first  saw  it      being  invisible  Jan.  17  and  later,  and  having  beconni  easily 
on  Dec.  20.     Thirty  days  later  it  was  still  increasing  in     visible  on  Feb.  20. 
brightness.     But  its  position  for  1855.0,  derived  from  the 


neighboring  star,  is     K.A.  20"  47'"  0",  Decl.  +4G°  48'. 

The  new  variable  in  Ifi/ilni,  announced  by  Mr.  Skinner  . 


These  confirmations  pennit  the  following  notation. 

342.5  A'  Uiidrae     (1855)  O^  28"'  35'  —14°     2'.8 

7492  HZ  Ci/uni      (18.55)        20    47       0  +40     48  . 


Ev. 


NEW   astko:numicaj.  wouk. 


Jiesnltate  aus  den  ZonenlipohncldungeH  am  iterldiankrei^ie  der  ilos- 
kaiier  Slenurarle  miihrcuddrr  Jalire  l85S-lS(i9.  /.  Zone  0°-+4°. 
con  H.  UoMiiKKG  iinii  J.  Sevhoth.     .St.  I'etersbourg  1894. 

This  zone-catalogue  of  1121  stars,  8>'.0  or  brighter,  within  4°  north 
of  the  equator,  is  the  tirst  instalment  of  an  luidertaking,  begun  in 
18-58  by  the  late  Prof.  Scuwkizeu,  to  observe  all  stars  to  the  limits 
of  brightness  indicateil  above,  in  zones  4°  broad,  going  north  from 
the  equator.  It  wascontinueil  by  him  until  I8.')9  Oct.,  then  by  Uiikdi- 
ciii.N,  (ii.vxintiKiiw  and  S.v<ii.\itow  until  18();!  May,  and  afterwards 
by  CilAXDKiKow  alone  until  the  end  of  lSli9;  covering  more  or 
less  comidetely  four  zones,  embracing  lt>°  of  declination.  The  zones 
have  been  partially  published  in  the  Moscow  and  Kiew  Annals.    The 


discussion  of  the  results  involved  an  elaborate  investigation  of  an  in- 
teresting form  of  |iersonal  systematic  error,  \\iiicli  was  brought  to 
light  in  the  reductions,  diu>  to  the  jieculiar  method  adopted  by  Sen  wiii- 
y.Kii  for  the  declination-pointings.  'IMiis  method  consisted  in  not 
bringing  the  star  to  the  middle  point  between  the  horizontal  threads, 
10"  apart,  but  in  estimating  its  proportional  distance  from  the  mid- 
dle. This  method  does  not  seem  to  have  afforded  the  advantages 
anticipated.  An  investigation  resting  on  the  interior  evidence  of  the 
observations  tbeniselves,  and  also  ujion  lioss's  Albany  f'atalogue, 
shows  that  all  four  observers  estimated  these  distances  too  small,  as 
well  as  not  proportionally.  The  iliscnssion  of  this  idiosyncraey  con- 
stitutes the  distinctive  and  most  interesting  feature  of  the  introduction. 


CONTEXTS. 
MicROMKTKU    Mf-.vsikes  OK  TiiK  Two  OrrKit  Satellites  of  T'i:.\xis,  a.nd  of  the  Saticllitl  of  Xki-tixe, 

IIV    PllllK.  .1.    M.    Si  IIAEIIEKLE. 
L\TITtI>E-I>KTEl:MlXATIO.N    AT  THE   S.VVKE   ( )l!SEKVATORV.    HY   Pl:<)F.  C.    L.    IJOOLITTI.E. 

OnsEUVATio.Ns  OF  Lonc-Pekiod  Vaimaiii.es.  IIV  Ml!.  Pail  S.  Yexdell. 

KiM.IXIi-Kl'IIEMEKIS    KOl:   Co.MET  18S9  V,    ItV    Uu.  t'lIAIM.KS    L.VNE    P(K)H. 

Ox  THE  OnitiT  OF  (313)  fnALi.AEA  Axn  Asteuoih  A  IT,  fuo.m  a  Letter  of  Mr.  BEUiiEnicii. 
Ox  the  Variable  .Star.'!  7247  flXCvcixi  and  8111!  H'Cephei,  by  Mr.  Paul  S.  Ybxdell. 
Observations  of  Comet  e  1.S04  (E.  .Swift),  by  Prof.  Sti.mson  J.  Browx. 

CoXFIRMATK.XS   OF   VARIABILITY,    BY    Ml;.   HeXRV    M.    P.VRKIlfliST. 

N'ew  Astronomical  Work. 
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PROVISIONAL   ELEMENTS   OF   TIIE 

Bv  T.  J. 

This  double  star  was  discovered  by  Sir  William  Hek- 
SCHEL  1782  Sept.  3.     He  measured  the  position-angle  the 
following  year,  and  repeated  the  observations  in  1802 ;  by 
comparing  results  he  was  led  to  conclude  that  the  angular 
motion  since  1783  had  amounted  to  37°.4  (^Fh  il.  Tmtis.,  1804, 
p.  371).     In  1825  Steuve  measured  the  star  on  two  nights, 
and  obtained     6  =  25°.0,  p  =  0".81 ;    6  =  30°.0,  p  =  0".80 
respectively.     All  the  early,  and  some  of  the  more  recent 
measures  of  F.  4  Aquarii  are  extremely  discordant,  and  it  is 
very  difficult  to  determine  what  measures  ought  to  be  re- 
lied upon.     After  carefully  considering  all  the  measures,  it 
has  seemed  best  to  base  the  orbit  on  certain  selected  obser- 
vations of  Sir  William  Herschel,  Struve,  Sir  John  Hee- 
scHEL,  Dawes,  Secchi,  Hall,  Burnham,  Schiaparelli, 
and  CoMSTOCK.     Accordingly  we    find   that  the  position- 
angle  of  the  companion  in  1825  was  but  little  greater  than 
what  Struve  recorded;  but  most  of  Struve's  later  angles 
are  considerably  smaller  than  they  ought  to  be.     Thus, 
most  of  the  early  measures  require  careful  sifting,  and  the 
observations  of   Madler  must  be    rejected   entirely.     In 
comparison  with  the  work  of  other  standard  observers,  his 
measures  are  anomalous  and  unintelligible.    Many  years  ago 
Dawes  examined  the  motion  of  YA  Aqudrii  (Jlem.S.A.S., 
vol.  XXXV,  p.  427),  and  concluded  that  the  distance  had 
diminished,  and   that   the    motion    had  accelerated    since 
Struve's  time.     Struve  supposed  that  Heeschel's  meas- 
ure of  1783  was  erroneous,  but  Dawes  arrived  at  the  con- 
clusion that  it  was  Hersciiel's  measure  of  1802  that  was 
in  error,  notwithstanding  the  fact  that  the  latter  was  based 
on  two  nights'  work,  while  the  former  was  the  record  of 
one  night  only.     On  examining  independently  all  the  obser- 
vations I  have  confirmed  this  conclusion  of  Dawes,  and 
have  therefore  taken  Heeschel's  angle  of  1783  to  be  sub- 
stantially correct.     For  it  is  impossible  that  the  angle  can 
have  been  the  same  in  1802  as  in  1825,  when  Struve  made 
his   measure.     We    have,    therefore,    relied   on   the  angle 
351°.5  in  1783,  30°  in  1825,  and  Sir  John  Heeschel's  angle 
of  46°.0  in  1832.     With  this  choice  of  the  old  observations 
we  experience  no  great  difficulty  in  dealing  with  the  more 
recent  measures.     The  resulting  elements  are  believed  to 


ORBIT   OF   FA AQUAEIl  =!■  2729, 

J.  SEE. 

be  the  best  that  can  be  obtained  from  the  discordant  oljser- 
vations  hitherto  made,  but  are  still  open  to  considerable 
uncertainty,  and  will  require  furtlier  improvement. 

DoiiKRCK  is  tlie  only  astronomer  who  lias  published  an 
orbit  for  this  star.     He  used  most  of  the  observations  down 
to  1877,  and  obtained  the  following  elements  {A.N.  2287)  : 
F  =  129''.8 
T  =   1752.0 
e  =  0.46 
a  =   0.72 
(■   =     56°.6 
a  =   340°.2 
;.  =  235°.0 
Using  the  method  of  Klinkerfues  we  find  tlie  follow- 
ing elements  of  F.4  Aquarii : 

F  =  126.65  years 
T  =   1899.88 
e  =  0.543 
a   =   0".7036 
i  =  68°.51 
Q,  =   177°.4 
I  =   74°.25 
n   =    +2''.84236 

Apparent  Oebit. 
Length  of  major  axis  =  1".196 

Length  of  minor  axis  =  0".508 

Angle  of  major  axis  =   0°.00 

Angle  of  periastron  =  229°.8 

Distance  of  star  from  center  =   0".171 

If  we  examine  the  accompanying  table  of  computed  and 
observed  places,  it  will  be  seen  that  the  elements  represent 
the  motion  fairly  well,  when  Madlee's  observations  are 
rejected,  and  a  wide  allowance  is  made  for  the  errors  of 
Herschel  and  Struve,  who  had  the  disadvantage  of  a  high 
northern  latitude.  Some  of  the  more  recent  measures  ap- 
pear to  be  vitiated  by  systematic  errors  in  virtue  of  whicli 
the  angles  are  somewhat  too  large ;  but  the  amount  of  this 
is  small,  considering  the  difficulty  of  the  object,  and  it  may 
be  accidental. 

(33)  . 
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COMl'lTEU 

AND    Obs 

ERVKD  Places. 

t 

6. 

d. 

Po 

Pc 

Bv — Be 

Po—Pc 

n 

Observers 

1783.55 

351.5 

350.4 

w 

0*46 

o 
+     1.1 

» 

1 

Herschel 

1802.65 

28.9 

11.4 

_ 

0.72 

+  17.5 

- 

2 

Herscliel 

1S25.60 

27.5 

33.3 

0.80 

0.59 

-   5.8 

+  0.21 

2 

Stnive 

1S30.92 

13.4 

40.2 

0.09 

0.54 

-26.8 

+  0.15 

1 

Struve 

1832.73 

46.0 

43.2 

_ 

0.52 

+   2.8 

_ 

o 

HeiscliL'l 

1S32.90 

23.0 

43.5 

Oblonga 

0.52 

-20.5 

- 

1 

Struve 

1833.77 

31.2 

44.9 

(1.07 

0.51 

-13.7 

+  0.16 

1 

Struve 

1836.05 

46.3 

48.9 

0.41 

0.49 

-  2.6 

-0.08 

4 

Stnive 

183!).68 

62.2 

56.0 

— 

0.45 

+   6.2 

- 

'> 

Dawes 

1840.72 

G5.5 

58.2 

0.6  ± 

0.44 

+   7.3 

+  0.16 

'> 

Dawes 

1841.51 

24.6 

58.4 

0.6  ± 

0.44 

-23.8 

+  0.16 

1 

Madler 

1841.80 

72.7 

59.1 

_ 

0.44 

+  13.6 

- 

1 

Dawes 

1842.82 

27.2 

61.4 

0.45 

0.43 

-34.2 

+  0.02 

2-1 

Madler 

1843.70 

31.9 

65.1 

0.5  ± 

0.42 

-33.2 

+  0.08 

3 

;\ra(ller 

1843.76 

81.7 

65.2 

_ 

0.42 

+  16.5 

- 

1 

Daw  es 

1844.5)0 

23.1 

6(>.9 

0.5  ± 

0.41 

-43.8 

+  0.09 

1 

Miidler 

1853.70 

95.9 

93.1 

0.5  ± 

0.38 

+   2.8 

+  0.12 

1 

Dawes 

1854.75 

101.7 

96.3 

0.3  ± 

0.38 

+   .5.4 

-0.08 

1 

Dawes 

18.55 

_ 

97.0 

_ 

0.38 

— 

- 

- 

Secclii 

1856.81 

107.8 

104.5 

0.3  ± 

0..38 

+  3.3 

-0.08 

1 

Secclii 

1862.68 

137.5 

118.2 

Oblonga 

0.40 

+  19.3 

— 

.3 

Denibowski 

1865.71 

12.5.  ± 

127.2 

Cuiieo 

0.42 

2.2 

- 

1 

Secclii 

18(;5.74 

143.6 

127.3 

— 

0.42 

+  10^3 

- 

1 

Tahnage 

1866.08 

139.6 

128.3 

Oblonga 

0.43 

+  11.3 

— 

3 

Denibowski 

1S66.()5 

125.5 

130.0 

— 

0.44 

-   4.5 

- 

3 

Searle 

18(16.66 

110.0 

1.30.0 

_ 

0.44 

—  20.0 

— 

5 

Wiiilock 

1807.86 

141.1 

133.0 

0.30 

0.45 

+   8.1 

-0.15 

1 

Newcomb 

1872.88 

147.5 

143.3 

Oblonga 

0.48 

+   4.2 

- 

5 

Denibowski 

1875.62 

157.0 

148.5 

0.4  ± 

0.50 

+  8.5 

-0.10 

4 

Scliiaparelli 

1877.15 

148.7 

151.3 

0.56 

0.51 

-  2.6 

+0.05 

3 

Denibowski 

1877.70 

158.5 

152.4 

0.5  ± 

0.51 

+  6.1 

-0.01 

1 

Cincinnati 

1879.44 

156.4 

1.55.2 

0.57 

0.,52 

+   1.2 

-0.05 

5-1 

Cincinnati 

1879.76 

155.9 

155.8 

0.40 

0.52 

+  0.1 

-0.12 

4 

Hall 

1880.78 

165.5 

1.57.5 

0.51 

0.52 

+  8.0 

-0.01 

*> 

I'ritchett 

1881..54 

159.6 

158.8 

0.52 

0.51 

+  0.8 

+0.01 

3 

Bvirnliani 

1883.84 

182.1 

162.0 

_ 

0.51 

+  20.1 

— 

1 

Seabroke 

1884.77 

166.8 

163.8 

_ 

0.51 

+  3.0 

— 

7 

Seabroke 

1885.64 

156.1 

164.0 

_ 

0.50 

-   7.9 

- 

1 

Seabroke 

188.174 

167.9 

16.5.8 

0.46 

0.50 

+  2.1 

-0.04 

3 

Hall 

188().69 

162.5 

167.4 

_ 

0.49 

-  4.9 

_ 

1 

Seabroke 

1886.74 

1(;8.3 

1()7.5 

0.54 

0.49 

+  0.8 

+  0.05 

3-2 

Leavenworth 

1886.84 

174.8 

167.6 

0.47 

0.49 

+   7.2 

-0.02 

2 

Hall 

1887.28 

173.4 

1(;8.4 

0.41 

0.49 

+   5.0 

-0.08 

7 

Schiaparelli 

1887.79 

175.9 

169  3 

0.53 

0.48 

+   6.6 

+  0.05 

3 

Hall 

1887.82 

170.5 

169.4 

0.52 

0.48 

+    1.1 

+  0.04 

2 

Tarrant 

1888.81 

172.4 

171.2 

0.48  ± 

0.47 

+    1.2 

-^0.01 

5 

Scliiaiiarelli 

1889.51 

15.5.5 

172.5 

_ 

0.47 

-17.0 

- 

1 

Seabroke 

1889.88 

176.7 

173.2 

0.49  ± 

0.45 

+  3.5 

+0.04 

2 

Scliiaparelli 

1891.77 

178.1 

177.2 

0.50  ± 

0.42 

+  0.9 

+0.08 

1 

Scliiai)arelli 

1.S92.80 

181.7 

179.7 

0.33 

0.39 

+   2.0 

-0.06 

2-1 

Conist<;ck 

1892.91 

187.0 

179.9 

0.4  ± 

0.39 

+   7.1 

+  0.01 

1 

Scliiaparelli 

1893.81 

182.4 

182.5 

0.35  ± 

0..36 

-  0.1 

-0.01 

2-1 

Conistock 

l.S94.8(; 

186.5 

186.0 

0.38  ± 

0.34 

+  0.5 

+0.04 

3 

Scliiaparelli 

Although  the  elements  of  F.4  Aqmiru  here  given  are 
only  provisional,  it  is  probable  that  tliey  are  a  fair  approxi- 
mation to  the  tmth.  The  list  of  observations  is  absolntely 
complete,  and  has  been  made   np   wholly  from   original 


sources.  If  this  orbit  is  to  be  relied  ujion,  it  is  evident 
that  F.4  A'piiin'i  will  deserve  the  careful  attention  of  as- 
tronomers for  some  years  to  come,  as  the  motion  will  be 
relatively  rapid,  and  the  distance  will    steadily  diininish 


N«-  341 


THE     ASTRONOMICAL     JOURNAL. 


35 


until  about  1900.     Tlie 

following 

is 

an  eplieineris 

for 

the 

t 

l'^ 

P 

next  six  years : 

1898.5 
1899.5 

208.2 
221.4 

0.20 
0.16 

t 

lO- 

P 

1900.5 

240.4 

0.13 

1895.5 

187.7 

0.32 

If  good  measures  of  this 

star  can 

be 

secured  for  the  next 

189().o 

193.0 

0.28 

ten  years,  it  appears  prob; 

ible  that 

the 

i  eloiuents  could  be 

1897.5 

199.3 

0.24 

well  determined. 

The  Uiiivfrsiti/  of  Chinigo,  1895  March  1. 


OBSERVED  MAXIMA   AND  MINIMA  OF 

By  PAUL  Y 
678.  U  ri'i-si'i. 
Fourteen  observations  of  U  Pvrsei,  from  1894  Sept.  8  to 
1895  Feb.  20,  indicate  a  maximum  of  7".0,  occurring  1895 
Jan.  11.  The  star's  brightness  when  first  observed  was  esti- 
mated as  11". 2.  The  increase  was  fairly  steady  aud  the 
maximum  well-defined.  At  the  last  observation  the  star's 
light  had  decreased  to  8".l. 

845.  R  Ccfl. 
This  star  was  observed  six  times,  between  1894  Dec.  17, 
when  it  was  not  seen,  and  was  certainly  fainter  than  the 
tenth  magnitude,  and  1895  Feb.  11 ;  the  curve  shown  indi- 
cates a  sharp  and  rapid  rise,  a  nearly  stationary  maximum 
of  about  twenty  days,  and  a  sudden  and  rapid  decrease,  the 
date  of  maximum  indicated  being  1895  Feb.  3.  The  magni- 
tude at  maximum  was  7". 5,  and  when  last  observed  8". 6. 

906.     R  Trlanguli. 
Fourteen  observations  of  this  star,  from  1895  Jan.  14  to 
March  9,  show  a  maximum  of  6". 2  on  1895  Feb.  14.     The 
light  at  the  first  and  last  observations  was  7"". 3. 

980.      V  Persei. 

I  have  seventeen  observations  of  this  star,  from  1894 
Sept.  21  to  1895  Feb.  27,  its  light  when  first  observed  was 
9". 3,  and  the  observations  show  a  gradual  and  steady  rise 
to  8". 8,  with  no  marked  maximum  or  minimum. 

Dorchester,  1895  3Iarch  11. 


LONG-PERIOD   VARIABLES,  1894-1895. 

ENDELL. 

1717.  r  Taiirl. 
Since  1894  Dec.  15  I  have  observed  V  Tmiri  seventeen 
times;  at  the  first  observation,  it  was  just  liehl  on  a  very 
clear  sky,  and  its  magnitude  was  estinuited  as  12.3.  It 
increased  steadily  to  a  faint  maximum  of  9". 35,  wliich  is 
indicated  on  1895 Feb.  5  by  my  observations;  when  last 
looked  for  on  March  9,  it  was  not  seen  in  bright  mouiiliglit 
on  a  clear  sky,  and  cannot  have  been  brighter  than  10". 0. 

2100.  U  OrhmU. 
This  star  was  first  seen  on  1894  Dec.  3,  being  then  below 
11»'.0.  It  rose  rapidly  until  1895  Feb.  10,  when  it  liad 
reached  6". 9.  A  maximum  of  6". 7  was  passed  on  Feb.  21. 
At  the  last  observation,  on  March  9,  it  had  declined  to  7''.1. 
Tlie  observations  number  sixteen. 

3170.     <S  Hydrae. 
I  have  only  five  observations  of  S  Hydrae  at    the  late 
maximum,  as  follows  : 

1895  Jan.  27 

Feb.  13 

20 

23 

Mar.    3 

Although  observations  are  deficient  on  the  rising  branch 
of  the  curve,  the  indications  seem  to  be  that  the  maximum 
was  probably  passed  about  1895  Feb.  11,  aud  certainly  not 
later  than  Feb.  13. 


8.4 
7.9 
8.5 
8.6 

8.8 


OBSERVATIONS  OF  ENCKE'S   COAIET, 

M.\DE   AT  THE    CIJTCINNATI   OBSEKVATORy, 

Bv   PHILLIPS   ISHAM. 


1894-95  Cincinnati  JI.T. 

* 

No. 
Comp. 

-* 

#^'s  apparent 

8 

log 
tor  a 

torn" 

h       111        s' 

III          S 

1        II 

h       m        s 

o           ,          /; 

Dec.  21 

8  19  49 

1 

0 

+  0  16.39 

-9  30.2 

22  16  23.46 

+4  20  51.6 

9.606 

0.724 

8  19  49 

«> 

4 

-3  45.86 

+  8  17.8 

22  16  23.90 

+  4  21     7.0 

9.606 

0.724 

25 

7  31     3 

3 

8 

+  1     1.87 

+  2  31.0 

22  15  30.80 

+  3  52  51.2 

9.568 

0.722 

31 

7     8     0 

4 

8 

-1  39.70 

-2     8.4 

22  14     2.20 

+  3     7     8.6 

9.569 

0.727 

Jan.  16 

6  25  15 

5 

8 

-0  34.57 

+0  49.6 

21  59  48.07 

-0  49     4.5 

9.609 

0.748 

17 

6  42     8 

6 

8 

+  0  17.26 

-2  27.0 

21  57  39.09 

-1  17  53.8 

9.629 

0.749 

19 

6  21  15 

i 

8 

-0  12.05 

-3  17.0 

21  52  40.93 

-2  23     5.8 

9.623 

0.753 

23 

6  37  51 

8 

9 

-0     4.48 

-6  25.9 

21  38  49.11 

-5  19  17.9 

9.653 

0.753 
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Mean  Places  for  1S94.0  and  1S95.0  of  Comparison- Stars. 


* 

a 

Ueil.  to 
ap|>.  place 

8 

lied,  to 
app.  place 

Authority 

1 

ta       111       s 

22  16     4.71 

+  2!3G 

+  4  30     G.3 

tt 
+  15.5 

Boss  A.G.  7754 

2 

22  20     7.37 

+2.39 

+4  12  33.5 

+  15.7 

Boss  A.G.  7767 

3 

22  14  2(!.r)9 

+  2.34 

+  3  50     5.3 

+  14.9 

11 ".  Kq.  com]),  with  Boss  A.G.  7747 ;iii(l  77 

56 

4 

22  lo  39.57 

+  2.33 

+  3     9     2.7 

+  14.3 

Boss  A.G.  7752 

5 

22     0  23.43 

-0.79 

-0  49    17.(1 

-   6.5 

a  Aijiiiirii—  Jifrf.  Jnhrlnirh 

6 

21  57  22.(55 

-0.82 

-1  l.".   19.9 

-   ().9 

Gott.  I,  60.S3-4  ;  Koinhcrf,'  5044 

7 

21  52  53.79 

-0.81 

-2  19  41.5 

-   7.3 

Munich  J,  29941  ;  11,  12147 

8 

21  38  54.39 

-O.SO 

-5  12  43.7 

-  8.3 

Gould  G.C.  29744 ;  Stone  5858 

Coiupaiison  with  the  ephemeris  in  Asti:  Nmhr.  326.>.  ( >  — C, 


Aa 


J8 


4a 


j8 


Dee.  21 


31 
Jan.  16 


+  0.93 

-11.7 

Jan.  17 

+  4.05 

+  21.2 

+  1.11 

-   3.6 

19 

+  4.70 

+  3.3.0 

+  2.18 

-   3.0 

23 

+  6.20 

+  39.0 

+  4.48 

+  21.9 

OBSERVATIONS  OF  SMALL  PLANETS, 

MADE   AT  THE   Dmi.EY    OllSEIiVATOKV,    AI.BAJJY, 

I!v  .1.   11.  OtUU'HX. 


No. 
comp. 

Plauet— % 

Planet's  . 

Vpparent 

logpA 

1894  Albany 

M.T. 

* 

J«             Jd 

a 

d 

for  a           for  8 

Antio2)e  (90) 

1 

Ill         S 

in       8 

'           If 

1 

m       s 

O 

If 

Sept.  20 

12 

28  45 

1 

6 

+  3 

30.89 

-5  47.2 

1 

3 

47.64 

+   3  32 

-32.0 

«8.808 

0.745 

21 

11 

8  23 

2 

10 

-1 

5.26 

+  2  49.0 

1 

3 

8.70 

+  3  28 

30.5 

«9.356 

0.749 

25 

11 

54     5 

3 

8 

-1 

12.74 

-4     4.8 

1 

0 

15.34 

+  3  10 

58.9 

w8.941 

0.748 

Oct.      1 

11 

34  32 

4 

6 

+  1 

15.33 

+0     6.3 

0 

55 

44.47 

+  2  44 

23.1 

M8.864 

0.752 

21 

8 

10  17 

5 

6 

+  3 

11.35 

-4  15.6 

0 

41 

5.72 

+  1  24  30.5 

«9.420 

0.766 

Amalthea  (113) 

Aug.  22 

11 

34  53 

6 

7 

+2 

5.73 

+  1  45.2 

22 

21 

31.36 

-14  30 

1.8 

«  8.900 

0.868 

26 

13 

21   58 

1 

4,3 

+  1 

52.22 

+  0  19.2 

22 

17 

47.51 

-14  58 

51.0 

9.216 

0.865 

Cijrene  (133) 

July  27 

12 

'10  21 

8 

6 

-1 

7.03 

-3  14.8 

20 

33 

18.00 

-22     3 

1.2'     6.994 

0.902 

Aug.     G 

11 

17  5(1 

9 

() 

+  5 

5.03 

+  1     2.4 

20 

24 

;!0.75 

-22     6 

31.7    «7.911 

0.902 

9 

12 

20  46 

9 

8 

+  2 

33.87 

+  1  21.1 

20 

21 

59.59 

-22     6 

12.9|     9.192 

0.894 

Joxi'phmn  (303) 

Sept.  26 

9 

33  18 

10 

4 

o 

11.35 

+  6  28.1 

0 

27 

31.03 

+   7  15 

12.9    n9.428 

0.721 

28 

9 

48  23 

11 

10 

+  0 

18.21 

+  0     4.2 

0 

25 

53.63 

+   79 

15.8 

«9.3(!0 

0.718 

Oct.      1 

10 

44  25 

12 

7 

+  3 

8.45 

-6  46.1 

0 

23 

25.90 

+  6  59 

5().1 

w9.022 

0.712 

6 

11 

3  27 

13 

5 

-2 

44.51 

+  4  38.9 

0 

19 

25.22 

+   6  43 

55.0 

«8.3S8 

0.713 

7 

9 

58  19 

13 

5 

-3 

29.53 

+  1  33.4 

0 

18 

40.21 

+   6  40 

49.6 

W9.139 

0.717 

(331) 

Oct.    27 

12 

2  38 

14 

6 

-0 

31.53 

+5  45.9 

2  39 

55.71 

+  18  29 

37.8 

«9.349 

0.555 

28 

9 

21   10 

15 

5 

+  3 

53.68 

+  6  53.4 

2 

39 

8.19 

+  18  28 

0.4 

«9.487 

0.615 

29 

10 

32  2.S 

15 

7 

+  2 

57.60 

+  4  55.0 

o 

38 

12.13 

+  18  26 

2.0 

«9.253 

0.573 

Nov.     1 

9 

38  51 

15 

9,4 

+  0 

17.58 

-0  58.6 

2 

35 

32.15 

+  18  20 

8.6 

»9.395 

0.595 

2 

8 

12  15 

15 

11  ,  5 

-0 

33.21 

-2  55.6 

2 

34 

41.38 

+  18  IS 

11.8 

«9.505 

0.647 

17 

i 

48  20 

16 

10,4 

-0 

20.87 

+  7  26.4 

2 

21 

50.91 

+  17  43 

57.6 

«9.479 

0.624 

1S93  AD  (371) 

Nov.     2 

10 

37  23 

17 

8,6 

+0 

23.56  1   +6     9.8 

2 

33 

39.66 

+  25  31 

21 .8|  nO.llO  ,  0.430 
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Mean  Places  for  1894.0  of  Comparison- Stars. 


Red.  to 

8 

Ued.  to 

* 

a 

app.  place 

app.  place 

Authority 

li       n 

1           S 

8 

0 

1 

'/ 

// 

1 

1       0 

13.39 

+  3.36 

+  3 

37 

55.2 

+  24.0 

Albany  A.G.Z.  284 

o 

1       4 

10.58 

+  3.38 

+   3 

25 

17.3 

+  24.2 

«      313 

3 

1       1 

24.63 

+3.45 

+  ;; 

14 

39.2 

+  24.5 

Albany  295,  Yaniall  586 

4 

0  54 

25.65 

+  3.49 

+   2 

43 

52.3 

+  24.5 

Yaniall,  I'ai-i.s,  Albany  A.G.Z. 

5 

0  37 

50.77 

+  3.60 

+  1 

28 

21.6 

+  24.5 

I'ai'is,  Albany  A.(t.Z. 

6 

22  19 

22.11 

+3.52 

-14 

32 

2.1 

+  15.1 

Mnnicli  II,  12147 

7 

22  15 

51.70 

+3.59 

-14 

59 

25.2 

+  15.0 

Riimker,  Munieli  I 

8 

20  34 

21.48 

+3.55 

-21 

59 

51.7 

+   5.3 

Argelander,  Munich  I 

9 

20  19 

22.05 

(  +3.67 

\  +3.67 

+3.44 

—  22 

7 

37.8 

(  +   3.7 
\  +   3.8 

Munich  II,  Yarnall 

10 

0  29 

38.94 

+   7 

8 

21.1 

+  23.7 

Taris  702,  Riimker,  Gott. 

11 

0  25 

31.98 

+  3.44 

+   7 

8 

47.9 

+  23.7 

Albany,  2  observations 

12 

0  20 

14.00 

+  3.45 

+   7 

6 

18.5 

+  23.7 

45  PUcitim. 

13 

0  22 

6.24 

(  +3.49 
j  +3.50 

+   6 

38 

52.0 

(  +24.1 
(  +24.2 

Paris  514,  Glasgow  116 

14 

2  40 

23.39 

+  3.85 

+  18 

23 

27.6 

+  24.3 

Albany,  2  observations 

15 

2  35 

10.63 

f  +3.88 
1  +3.96 

+  18 

20 

42.4 

f  +24.6 
1  +24.9 

Armagh  II,  Romberg 

16 

2  '''^ 

7.76 

+  4.02 

+  17 

36 

5.2 

+  26.0 

Albany,  1  observation 

17 

2  33 

12.05 

+4.05 

+  25 

24 

47.2 

+  24.8 

Albany,  2  observations 

OBSEEYATIONS   OF  EIN^CKE'S   COMET, 

MADE    AT  THE   CINCINNATI   OBSERVATOEY, 

By  J.  G.  PORTER. 


1895  Cincinnati  M.T. 

* 

No. 
Comp. 

Ja 

-* 

&^'s  apparent 

1           8 

log 

for  a 

P.\ 

lor, I 

Jan.  16     0  10     3 

1 

10 

III          s 

-0  33.61 

+  1     5.9 

h       III        s 

21  59  49.03 

-0  48  48.2 

9.593 

0.749 

17     6     2     5 

o 

8 

+  0  21.08 

-1  37.4 

21  57  42.91 

-1  17     4.2 

9.590 

0.751 

19     6     5  25 

3 

8 

-0  10.46 

-2  54.7 

21  52  42.52 

-2  22  43.5 

9.609 

0.755 

22     6  18  25 

4 

10 

+  0  12.44 

-0  35.3 

21  42  51.03 

-4  28  33.8 

9.638      0.757 

Mean  Places  for  1S95.0  of  Compai-ison-  Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 
4 

22     0  23.43 
21  57  22.65 
21  52  53.79 
21  42  39.39 

-0/79 
-0.82 
-0.81 
-0.80 

o          /           " 

-0  49  47.6 
-1  15  19.9 
-2  19  41.5 
-4  27  50.5 

-6.5 
-6.9 
-7.3 

-8.0 

a  Aqiiiirii,  Berl.  Jahrhuch 
Gott.  I,  6083-4  ;  Romberg  5044 
Munich  I,  29941 ;  Munich  II,  12147 

Schjellerup  8850 

Comparison  with  the  ephemeris  in  A.N.  3263,  0  — C, 


Jan.  16 
17 


+4.05 
+  3.99 


+  20.1 
+  19.9 


Jan.  19 
22 


Jtt 

+  4.'.34 
+  5.10 


j8 

+  30'!5 
+  31.4 
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PECULIAR    ILLUMINATION    OF    THE    MOON     DURING     THE    TOTAL    ECLIPSE 

OF   MARCH   10.  

[Kxtrait  from  a  Letter  of  Dr.  T.  J.  J.  Sek  to  the  Editor.] 


Tlie  ti>t;il  ei'liiise  of  tl>e  J[oon,  wliii'li  was  f;>voral)ly  ob- 
served liore  last  iiiglit.  jiresented  a  iilieimiiu'ium  so  iviuaik- 
ablc  that  I  tliiiik  it  worthy  of  notice.  From  the  time  the 
Jlooii  entered  the  Earth's  shadow  until  sometime  after  to- 
tality the  simthern  limb  of  tiie  Moon  presented  a  bright  cop- 
))erj'' appearance,  while  the  northern  portion  of  the  eclipsed 
disc  Wivs  quite  dark.  The  red  patch  covered  at  least  one- 
third  of  the  Moon's  face,  and  w:is  very  conspicuous  both  in 
the  4-inch  equatorial  ami  to  the  naked  eye.  The  phenome- 
uon  was  witnessed  by  Professor  IUunii.^m,  who  was  present, 
and  by  several  ailvanced  students  in  astronomy  ;  and  after 
careful  examination  all  agreed  that  tlie  singular  illumina- 
tion could  not  be  due  to  any  local  conditions  on  the  Moon's 
surface.  The  red  region  extended  along  the  southern  edge 
of  the  Moon's  disc,  towards  the  center  of  the  sha<low,  aiul 
therefore  almost  parallel  to  the  direction  of  the  Moon's 
motion.  It  was  most  conspictious  at  about  S''  40'",  Central 
SUuulard  Time,  and  gradually  faded  away  towards  the 
middle  of  the  eclipse.  As  the  Moon  left  the  shadow,  a 
similar  phenomenon  was  carefully  looked  for,  but  not 
found ;  the  illumination  of  the  two  limbs  of  the  Moon  ap- 
peared .symmetrical  and  of  the  usual  color. 

I  am  not  aware  of  such  singular  illumination  of  the  disc 
of  an  eclipsed  ^loon  being  previously  noted,  and  its  expla- 

The  University  of  Chicago,  1895  Mairh  11. 


nation  is  therefore  not  i)erfectly  obvious.  It  appears  most 
likely  to  be  due  to  atmospheric  conditions  along  the  twilight 
belt,  thro\igh  which  the  rays  pass  that  illuminate  the  Moon 
during  the  ecli]pse.  In  the  ))resent  case  the  belt  extended 
along  the  eastern  part  of  the  Paciiic  Ocean;  and  if  the 
equatorial  region  of  this  belt  should  have  been  clear,  while 
the  other  portion  to  the  north  was  heavily  huleii  with  clouds, 
in  the  one  place  the  light  would  i)ass  through  and  j)ro- 
duce  a  ruddy  illumination,  while  in  the  other  it  would 
be  cut  otT  and  the  Moon  would  appear  relatively  dark. 
AVhetlicr  this  explanation  be  correct  or  not,  I  think  such 
singular  phenomena  are  worthy  of  some  attention  ;  it  nmy 
be  that  the  study  of  the  illumination  of  the  Moon  during 
eclii)ses  might  throw  some  light  upon  certain  jihenomena 
of  the  Earth's  atmos])here. 

We  noted  the  instants  of  contact,  although  they  are  of 
no  special  importance,  as  follows : 

h       111 

First  external  contact,  ISlarch  10,  7  ")4 

First  internal  contact,  8  53 

Last  internal  contact,  10  2(i 

Last  external  contact,  1 1  -<> 

Central  Standard  Time,  six  hours  slow  of  Greenwich. 


OBSERVATIONS  OF  ECLIPSE   OF  MOON,  1895  MARCH  10, 

MAWE    WITU   Ot-IXcn    K(^U.\TOUIAI,,    CKIXCETON',    X..J., 

15v  TAYLOR   REED. 


Clouds  were  exceedingly  troublesome,  permitting  obser- 
vations only  at  intervals. 

At  14*"  iO"'  Gr.  -NLT.  the  illumination  of  the  whole  ob- 
scured part  of  the  Moon's  disc  was  very  evident. 

At  14''  35"'  it  was  noticed  that  this  illumination  was 
uneven. 

During  totality  the  illumination  was  strong  and  uneven. 
In  the  latter  half  of  totality  in  particular  the  edge  of  the 
disc  appeared  brighter  than  the  center,  except  60°  or  so  at  the 
western  side.     Little  of  the  usual  red  color  was  detected. 


Soon  after  totality  ]\foon  was  entirely  hidden  by  clouds. 
Only  two  occultations  were  well  observed. 


Princeton  Sid.  T.(Chronogr.) 
Greenwich  !M.T. 
Observation  estimated  late 


DM.  -1-3=2514 
Emersion 

I]       m       8 

10  42    3.8 

16  26  21.1 

O'.o 


Albany  430.5 
=  DM-P3^2519 

Immersion 

h        III       s 

10  43  45.2 

16  28    2.2 

OM 


Observed  with  micrometer,  and  magnifying  power  155. 


LUNAR  ECLIPSE   OF   1895  MARCH  10, 

By  MARY  \X.  WHITNEY. 

The  total  lunar  eclipse  of  ilarch  10  was  observed  at 
Vassar  College  under  more  favorable  conditions  than  ap- 
pear to  have  prevailed  in  many  other  places,  according  to 
newspaper  reports.  There  were  shifting  clouds  during  the 
evening,  but  they  did  not  seriously  obscure  the  sky  until 
after  third  contact.  The  Dorpat  circidar  did  not  reach 
Poughkeepsie  until  the  :Monday  following  the  eclijise,  but 
we  observed  four  occultations,  three  of  which  are  included 
in  the  Dorpat  list.     They  are  as  follows : 


Albany  Zone  4302 
"  "     4305 


Immersion 

l(i'  22"  l;/.51  G.M.T. 
16  21)  51.08      " 


Immersion 

)l            111           8 

Albany  Zone  4297 

15     7  50.38  G.M.T. 

DM.  3^2514 

15  47  34.54      " 

The  first  three  contacts  were  observed  with  the  usual 
unsatisfactory  results.  Four  of  my  students  joined  in 
these  observations,  using  glasses  ranging  from  three  inches 
to  five  inches.     The  means  of  all  our  times  are  as  follows : 


1st  contact 
2d  contact 
3d  contact 


Greenw.  M.T. 
h        III       H 

1:;  55  23.7 
14  52  8.!) 
16  24  31.9 


5  observers  (of  course  too  late) 
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OBSERVATIONS    OF 


THE    TOTAL    ECLIPSE    OF    1805  MARCH  10,    AT    THE 
WxVSHBURN    OBSERVATORY, 

By  GEORGE   C.  COMSTOCK. 


The  eclipse  was  observed  in  a  perfectly  clear  sky  at  this 
observatory  and  wa.s  noteworthy  for  the  unusual  brightness 
of  the  moon  during  totality. 

The  request  for  observations  of  oceultatious  during  total- 
ity and  the  predicted  times  of  immersion  and  enuu'sion  pre- 
j)ared  by  W.  Dcillen,  were  not  received  here  until  after  the 
eclipse  and  no  especial  effort  to  secure  such  observations 
was  made.  '  Mr.  A.  S.  Flint,  however,  observed  with  the 
six-inch  Clark  equatorial,  with  a  magnifying  jjower  of  125, 
the  immersions  of  two  stars  subsequentlv  identitted  as 
Nos.  15  and  l(!of  Dollen's  list;  Albany  Zones,  4302,4305. 
The  local  sidereal  times  and  the  resulting  Greenwich  mean 
solar  times  of  disa[)pearance  are  : 

No.  4302         9  '  \('"sA)  Local.  15'r)9"'3L0  Greenwich. 

4305         9  20  3.2  16     3  24.6 

The  observer  notes  that  the  moon's  limb  was  inconven- 
iently bright.  The  observations  were  made  by  eye  and  ear, 
and  the  clock  correction  upon  which  the  sidereal  times  de- 
pend was  determined  immediately  preceding  the  observa- 
tions. 

My  own  attention  was  directed  to  an  attempt  at  nieasur- 
ing  the  density  of  tlie  lunar  atmosphere  bj'  the  displace- 

Mddisoii,  1S95  March  18. 


ment  of  stars  at  the  instant  of  tludr  disa,ppearance  behind 
the  moon's  lind).  Ft  is  well  known  that  the  irregularities 
of  the  moon's  limb  condjiued  with  an  im])erfect  knowl- 
edge of  its  semi-diameter,  seriously  impair  for  this  purpose 
the  value  of  observed  times  of  oceultatious.  To  avoid  these 
difficulties,  I  purposed  measuring  with  tlie  filar  micrometer 
of  the  large  equatoi'ial,  aperture  AOnii.,  the  relative  posi- 
tion of  neigliboring  stars  at  the  instant  of  occultatiou  of  one 
of  these  bodies  and  also  at  some  convenient  instant,  k.ij. 
five  minutes  before  occultation,  when  their  relative  position 
might  be  assumed  free  from  the  eft'ect  of  any  refraction  in 
the  lunar  atmosphere. 

During  totality  seven  observations  of  this  kind  were 
secured,  of  which,  five  indicate  a  displacement  in  the  direc- 
tion corresponding  to  the  refractive  effect  of  a  lunar  atmos- 
phere, and  two  a  displacement  in  the  opjiosite  direction. 
The  mean  value  of  the  observed  displacement  is  0".6,  the 
individual  resrdts  ranging  from  +2"  to  —2",  but  these 
results  can  not  be  considered  as  indicating  much  beyond 
the  fact  that  a  filar  micrometer  is  not  well  adapted  to  ob- 
servations of  this  character.  With  a  double-image  microme- 
ter I  believe  that  better  results  may  be  obtained,  and  J  hope 
to  undertake  future  observations  of  this  kind. 


OBSERVATIONS     OF   VARIABLE     STARS    OF    SHORT    PERIOD    DURING    THE 

YEAR   1894, 

B  V     PAUL     S 
5952.       Y  Hrrriilis. 
Observations  of    Y  Her  culls  made  during  the  season  of 
1894,  show  one  maximum  and  one  minimum,  viz.  : 


Maximum,  1894  May  27.4     3     |     Minimum,  June  3.3 

6368.     X  Sai/htKrli. 
Six  maxima  and  three  minima,  as  follows : 

Minima  t 

1894  July  29.94 


w 

o 


Maxima 

w 

1894  May  29.28 

o 

June  21.09 

'> 

July  12.45 

2 

Aug.    1.81 

2 

7.50 

o 

16.44 

o 

Aug.    6.22 
19.13 


6472.       W  SiKj'ittar;;. 
Three  maxima  and  three  minima,  as  follows : 


Maxima 

w 

1894  July    8.95 
31.37 

3 
3 

Aug.    6.89 

3 

Minima 

w 

1894  June  20. 17 

2 

Aug.    6.17 

2 

18.89 

2 

6573.      YSir,/!tf„ru. 
Four  maxima  and  two  minima,  as  follows  : 

Maxima  w  Minima 


1894  May     8.9()  3 

July  11.32  3 

Aug.    3.53  3 

8.77  3 


1894  June  21.92 
July    3.18 


w 
2 
3 


YENDELL. 

(1636.      U  Si'j/ittarii. 
Four  maxima  and  live  minima: 


Maxima 

w 

1894  May     9.98 

2 

July    9.58 
29.71 

9 

Aug.    5.42 

2 

Minima 

w 

1894  May  19.04 

July    2.54 

Aug.    2.96 

16.45 

23.32 

■> 
2 
2 
2 
1 

Two  minima,  viz.  : 


6758.     ^  Li/rue. 


1894  May  15.502 
June  20.653 


6984.       UJqiii/ac. 
Eight  maxima  and  three  minima,  as  follows  : 

Minima 
1894  June    4.37 
July  30.38 
Aug.  27.90 


Maxima 

w 

894  May  10.60 

o 

31.21 

3 

July    5.72 

3 

26.26 

4 

Aug.  23.12 

2 

Sept.    6.88 

2 

20.59 

3 

27.30 

'> 

4 

o 


7149.      SS<ujiftac. 
The  observations  of  this  star  show  six  minima, 
lows  : 


as  fol- 
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w 

1894  Mav    3.r.7  1 

2it.7S  1 

June  22.11  2 

Julv     it.r.o  2 

2ti.0()  I 

Nov.    4.32  3 

The  only  two  maxima  shown  by  the  single  light-cuvve, 
July  29.6  and  Aug.  7.7,  seem  to  bear  out  Sawykk's  sug- 
gestion of  alternating  curves,  the  first  being  flat  at  the 
maximum,  and  about  a  steu  fainter  than  the  second,  wliich 
is  sharply  defined. 

7437.     A  (.i/'jiii. 
1'hree  maxima  and  four  minima,  as  follows : 
Maxitii.1  w  Minima 

1894  Mav  27.0         3  1894  July  10.0 


Aug 


l.G 
17.7 


Aug.  10.0 
2G.() 
Oct.    31. G 


w 
3 
4 
3 
4 


7483.     T  VuljH-ndnt. 
Fourteen  maxima  and  thirteen  minima,  as  follows  : 


Maxima 

w 

1894  ISIay     9.(!r> 

3 

27.2() 

3 

June    4.77 

2 

July  lO.fil 

*» 

23.r.l 

.3 

28.22 

•> 

Aug.    1.3(3 

') 

f).3'.) 

3 

10.50 

3 

15.56 

*> 

Sept.    6.18 

•> 

23.53 

3 

Nov.    2.62 

O 

Dec.     3.77 

3 

Minima 

w 

May 

3.57 

Q 

30.95 

'2 

June 

3.16 

3 

21.40 

2 

Julv 

0.41 

2 

27.(10 

3 

Aug. 

17.. S3 

3 

22.39 

2 

Sept. 

22.87 

3 

27.33 

2 

Oct. 

27.90 

2 

Nov. 

5.71 

2 

28.30 

1 

Collecting  the  scattered  observations,  17  in  number,  and 
forming  graphically  a  normal  maximum,  it  is  found  to  show 
a  residual  of  — 0''.3,  corresponding  to  tlie  epoch  175. 

Dorchester,  Mass.,  1895  March  9. 


I  wish  to  call  attention  to  a  clerical  error  occurring  in 
my  paper  on  103  T Amlromi'dae,  published  in  no.  335  of 
this  Journal.  On  page  184  the  first  date  in  the  column 
headed  "Comiiuted  Time  — Yendell,"  should  read  "1855 
Sept.  10.0,"  instead  of  "1855  Oct.  10.0." 


NEW   ASTEROIDS. 

Two   small   planets,  probably  new,  were    found   by  Trof.  AVolf   of   Heidelberg,  on   liis   photograpliic   plates   of 
Feb.  23,  in  the  positions, 

BP     12'"*    Feb.  23  lo'ls'Heidelb.  M.T.     «  =   ll'    o"5,     5  =    +9     8.     Daily  motion,  -GO"  in  «,  and  0'.5  northward. 
BQ     13"      Feb.  23  10  18         "  "         «  =   10  41.9,     «  =    +5  58.     Daily  motion,  —60' in  «,  and  0' in  declination. 

Two   others    were  found   on   plates   of   Feb.  25,  and  announced  as  BR  and  BS;  Imt  Mr.  Berbericii  has  found 
these  to  be  (379)  and  (333)  Badenia,  respectively. 

CORRECTION   TO  OBSERVED  POSITION   OF    (175)  ANDROMACHE. 

XoTE  FUOM  Mb.  ISHAM. 
Tn  my  observations  of   small  planets  published  in  A.J.  no.  339  (pp.  22,  23),  tlie   place   of   the    star   no.  7  was 
incorrectly  reduced.     That  place  should  be  as  follows: 

^  a  Kcd.  8  lied. 

7         22"  32""  15'.2G         +3'.27         —13°  55'  11".6         +15".3         Honn  VI,  Munich  I 
With  this  position  of  the  comparison-star,  the  place  of  the  planet  is  as  follows: 

1 7  5  A  n  ilro  m  arh  e. 

Cinciii.  M.T.  App.  a  .Vpp.  8 

Aug.  6     lO"-  52"'  52"         22"  32™  49M5         -13°  51'  4G".7 


CONTEXTS. 
Pbovisio.nai,  Elements  of  tue  Ohbit  of  F.4  AQtAiiii  =  .12720,  by  Dr.  T.  .J.  .1.  See. 
Odsekveii  Maxlma  ani>  Minima  of  Lonh-Pehiod  Vahiaiii.es,  1S94-1S9C,  uy  Mr.  Pail  S.  Yendell. 
Obseuvatiiins  or  En(  ke  s  Comet,  by  -Mk.  Phillips  Isiiam. 
Obsekvations  ok  Small  Planets,  bv  Mu.  .1.   II.  OouiiiN. 
Observations  of  Encke's  Comet,  by  Puof.  J.  G.  Pouteb. 

Pectliar  Illumination  of  the  Moon  i>i-iiiN<i  the  Total  Eclipse  of  Mabcu  10,  by  Dk.  T.  .1.  J.  See. 
Observations  of  Eclipse  of  Moon,  1S!)5  Makih  10,  by  Mu.  Taylor  Reed. 
Lunar  Eclipse  of  189.')  March  10,  by  .Miss  Mary  \V.  Whitney. 

Observations  of  Total  Lunar  Eclipse  of  IS'.iiJ  March  10,  at  tue  Washiu  rn  Observatory,  by  Prof.  George  C.  Comstock. 
Observations  of  Variable  Stars  of  Short  Period  during  the  Year  1894,  by  Mr.  Paul  S.  Yendell. 
New  Asteroids. 
Correction  to  Observed  Position  of  (175)  Andromache.    Notk.  from  Mr.  Phillips  Isham. 

roHLisiiKo  IN  Boston  skmi-mostmlt,  by  B.  A.  ooold.     addrkss.  Camuhidge.  Mass.    Pbick,»6J>0tiib  Voi,rMK.    Phess  op  Tiios.  P.  Nichols.  I.ykk,  Mass. 

Entered  at  tlie  l'o«t  Offlce.  xt  Boiton.  Mass..  as  seconil-clals  uiatler.     Closed  Marclt  25. 
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OBSERVATIONS  OF  THE  DIAMETER  OF   NEPTUNE  AND   OF  THE  POSITION 

OF   PUS   SATELLITE, 

MADE   WITH   THE   30-INl.'H    EQUATOKIAL   OF   THE   LICK   OliSEKVATORT, 


By  E.  E.  B 

Recognizing  the  need  of  observations  of  the  satellite  of 
Neptune  and  of  those  of  Uranus,  I  took  up  the  measure- 
ment of  these  bodies  at  my  first  opportunity  with  tlie 
36-inch. 

A  series  of  measures  of  all  four  satellites  of  Uranus  were 
secured  in  1894.     These  will  soon  be  publislied. 

Measures  of  the  positions  of  the  satellite  of  Neptnne 
were  secured  during  the  oppositions  of  lS92-o,  1893-4,  and 
were  published  in  A.J.  290  and  314. 

The  present  measures  of  1894-5  of  this  satellite  are  a 
continuation  of  the  previous  work.  Much  bad  weather 
during  the  winter  prevented  many  observations.  The 
measures  are,  however,  pretty  well  distributed  about  the 
orbit. 

A  magnifying  jjower  of  520  was  used,  excejit  when 
otherwise  noted.  On  a  couple  of  nights  1000  diameters 
was  used.  I  think,  however,  that  more  satisfactory  results 
can  be  obtained  with  the  lower  power,  since  the  eye  then 
more  readily  takes  in  the  planet  and  the  satellite,  and  the 
effect  of  the  wind  is  less  perceptible. 

During  these  observations,  I  decided  to  measure  the 
diameter  of  Xepfun.e,  in  conformity  with  my  scheme  to 
measure  the  diameters  of  all  the  p)lanets  and  asteroids 
measurable  with  the  great  telescope. 

For  the  measures  of  the  diameters  of  the  planets  wdiose 
discs  are  small,  I  luxve  selected  a  magnifying  power  of 
1000  diameters.  Tliis  power  is  sufficiently  high  to  show 
the  discs  well,  at  the  same  time  that  the  seeing  will  more 
often  permit  its  use,  than  would  be  the  case  with  the  still 
higher  powers.  The  measures  of  the  diameter  of  Neptune 
have  been  made  with  this  eyejiiece.  Unless  the  seeing  is 
fairly  good  it  would  be  folly  to  measure  an  object  of  this 
kind  because  its  disc  would  not  be  seen.  Therefore  but 
ten  nights'  measures  could  be  obtained  of  the  diameter  of 
Neptune.  In  nearly  every  instance  the  disc  was  fairly 
well  seen,  though  often  the  planet  was  difficult  to  measure 
from  the  oscillation  of  the  image. 


ARNARD. 

As  in  all  my  measures  of  the  diameters  of  the  jjlanets,  I 
have  found  it  unadvisable  to  attempt  to  make  the  inner  or 
outer  edges  of  the  threads  tangent  to  the  disc  of  tlie 
planet,  and  then  correct  for  their  thickness.  This  is  a 
nicety  that  is  impracticable  with  the  usual  unsteady  image. 
The  threads  are  about  0".13  in  thickness.  With  this  small 
diameter  of  thread  it  is  easier  to  bisect  the  limb  of  the 
planet  with  the  center  of  the  thread,  and  more  certain  than 
to  make  the  edge  of  the  thread  tangent  to  the  limb.  If 
the  image  were  perfectly  steady  thei'e  might  be  some 
chance  of  following  the  latter  method — but  this  essentially 
never  happens. 

During  these  observations,  the  disc  of  Neptune  has 
always  appeared  to  be  round,  except  in  a  single  case,  while 
in  the  observations  of  Uranus  the  disc  was  always  decidedly 
elliptical  —  and  this  was  readily  shown  by  the  measures. 

Following  are  the  measures  of  diameter. 

Measuees  of  the  Diameter  of  Neptune  with  the 
36-INCH  Equatorial. 

Obsd.  A  8 


1894  Nov.  18 

2.47 

2.38 

+  0.05 

19 

2.47 

2.38 

+  0.05 

Dec.  31 

2.55 

2.46 

-0.03 

1895  Jan.  6 

2.62 

2.54 

-0.11 

Feb.  5 

2.37 

2.31 

+  0.12 

17 

2.61 

2.57 

-0.14 

18 

2.29 

2.25 

+  0.18 

24 

2.46 

2.43 

0.00 

25 

2.54 

2.52 

-0.09 

Mar.  4 

2.50 

2.49 

-0.06 

Mean 


2.433 


The  column  A  contains  the  measures  reduced  to  the  mean 
distance  of  Neptune  from  the  sun  =  30.0551 ;  and  S  is 
the  deviation  from  the  mean.  The  above  measures  are 
double  distances. 

This  determination  of  the  diameter  of  Neptune  would 
correspond  to  an  actual  diameter  of  32900  miles. 

(41) 
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From  HorzE.\f's  Vade  Jffciim  the  following  previous 
measures  of  the  diameter  of  yepfiine  are  derived. 

r 

1546  Laugier  (bi-refrangent  inic.)  '2.(iCi 
l.S4()  ]SIain  (double-image  luie.)  4.3(> 
1SI7  Hind  2.47 

1547  Cliallis  2.09 
1S47  Mildler  2.40 
l,s,">;{  LasscU  2.71 
ist;7  Lassell  and  Marth  2.24 
1S72  Kaiser  2.87 
Mean  (omitting  Main's  measures)  2.611 

The  latest  measures  of  the  diameter  of  Xeptune  that  I 
know  of  is  a  series  made  by  Hkk.viann  Stkuve  with  the 
30-inch  of  Pulkowa.  There  were  three  sets  of  measures, 
with  different  kinds  of  illumination  of  the  field.  These 
are  (see  notice  in  A.J.  321) 

Yellow  field  2.'l20  5  obs. 

Bright  red  field  2.197         10    " 

Dark  field  2.2j;3         10    " 

Mean  2.197 

The  following  measures  of  the  position  of  the  satellite 
are  referred  to  the  center  of  the  disc  of  Neptune. 

As  in  the  previous  measures  of  this  satellite,  I  have  given 
the  i-lrrlf-settiug  for  the  threads  at  the  times  of  the  distance 
measures.     This  is  not  the  position-angle. 

The  observations  throughout  are  in  Standard  Pacific 
Time,  which  is  8''  0""  slow  of  Greenwich. 

As  usual,  all  the  measures  (including  those  of  diameter) 
were  made  with  a  dark  field. 


Positions  of  Satellite  ok  Neptune. 

1894  November  18. 

Circle  Pos.  .Angle 

•dl.&  40°9 

36.8  40.1 

36.2  39.5 

36.4  39.7 


Stand.  Pac.  T. 

h         m        * 

15  12  44 
14  58 

16  8 

17  23 


Parallel  =  266°.7 


Distance  from  Center  of  Neptune. 


15   19  42  94.250  14.36 

20  50  94.251  14.35 

22     8  94.253  14.33 

Setting  of  circle  for  tlie  distances  =  126°.4 
Threads  reversed. 

15''23'"34'         97^115  14.01 

24  35    97.124    14.10 

25  58    97.128    14.14 


Coincidence  of  threads 
=  95'.  700 


Stand.  Pac.  T. 

h         in        ■ 


Circle 


November  19. 
Pos.  Angle 


14  33  48 

135.8 

319.2 

35  43 

135.6 

319.0 

36  56 

135.7 

319.1 

38  16 

13.0.4 
Distance 

318.8 
from  Cen 

h       m       < 

r 

» 

1 t  40   13 

94.660 

10.31 

41   31 

94.681 

10.10 

42  26 

94.682 

10.09 

Parallel  =  266°.  6 


Coincidence  : 


701 


Tlireatl  reversed. 

h      in       •  r  " 

14  43  33  96.726  10.15 

46  53  96.711  10.00 

48  21  96.740  10.29 

Setting  for  the  distances  =  223''. 4. 

"  Am  not  sure  the  planet  is  not  sliglitly  elongated  in  tlie  direction 
of  P.A.  80°"  (1000  diameters  at  measiiresfor  diameter  of  Neptune). 


Stand.  Pac.  T 
h       III      • 

9  20  43 
23  58 

26  3 

27  18 


Circle 

86.7 
87.4 
86.7 


December  23 
Pos.  Angle 

60°.0 
59.9 
60.6 
59.9 


Parallel  =  116°.8 


Distance  from  Center  of  Neptune. 


9  32  15 
33  39 
35     3 


16.05 
16.31 

17.88 


Coincidence  =  95'. 844 


94.223 

94.197 

94.039 

Setting  for  the  distances  =  177°.0. 

Threads  reversed. 

h       m       t  r  " 

9  37     3     I     97.572     I     17.11 

38  18     1     97.476  16.16 

39  38     I     97.611     I     17.50 
Satellite  very  faint.     Tliiclv  frost  on  otjject-glass.     Observations 

dllHcult. 


December  3 1 . 

Stand.  Pac.  T.      Circle       Pos.  Angle 

10"42"'l9' 

295.7 

268.8 

Parallel  =  296°. 9 

43  34 

297.2 

270.3 

44  41 

296.1 

269.2 

45  46 

296.6 

269.7 

Distance  from  Center  of  Neptune. 

h        m       8                    "                              * 

10  48     8 

94.375 

.14.45     '  Coincidence  =:  95' 

.834 

49  24 

94.391 

14.29 

50     6 

94.393 

14.27 

Threads  reversed. 

h       ni       8 

10  53     0 

97.345 

14.96 

54    14 

97.286 

14.38 

55  44 

97.341 

14.92 

Setting  for  tlie  distances  =  20°. 0. 

Satellite  fa 

int,  Ijut  obse 

•vations  gor 

d.    Perhaps  frost  on 

object 

rlass. 


Stand.  Pac.  T. 

h        m        B 

8  57  29  I 
59  7  I 
59  59     j 

9  1   14 


3  9 

4  4 
4  52 


6  12 

7  17 

8  15 


1895  January  6. 
Circle       Pos.  Angle 


113.3 
114.3 
114.5 
113.3 


Parallel  =  296°.8 


266.5 
267.5 
267.7 
266.5 

Distance  from  Center  of  Neptune. 


97.351 
97.404 
97.3C7 


14.98 
15.49 
15.12 


Coincidence  =  95'.840 


Threads  reversed. 

94!370  14"56 

94.375  14.51 

94.365  14.61 


Setting  for  the  distances  =  204°. 0. 

Frost  on  object-glass,  and  satellite  very  faint. 
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Stand.  Pac.T.      Circle 


9    16  58 

18  39 

19  33 

20  28 


January  28. 
I'os.  Angle 

o 

27.1 

27.2 
28.2 
28.  G 


PaniUel  =  101°. 6 


38.8 
38.9 
39.9 
40.3 
Distance  from  Center  of  Neptune. 


9  22  48  97.132  12.77 

23  53  97.120  12.65 

25  3  97.095  12.40 
Setting  for  the  distances  =  129°.0. 

Threads  reversed 

li       m       8  r  " 

9  26     0  94.582  12.49 

26  52  94.600  12.31 

27  38  94.569  12.62 
Wind  shaking  telescope  badly. 

February  4. 
Circle 


Coiucideuce  =  95'. 843 


Parallel  =  lOr.3 


Stand.  Pac.T.       Circle        Pos.  Angle 

6"5o"'22'  128.6  297.3 

52  17  128.0  296.7 

53  35  128.4  297.1 
56  55  128.8  297.5 

Distance  from  Center  of  Neptune. 


2  2 

3  44 

4  42 

96.994 
97.028 
97.025 

m       8 

5  54 

7  14 

8  16 

94^757 
94.810 
94.771 

Coincidence  =^  95'. 901 


10.82 
11.16 
11.13 
Threads  reversed 

ll'!33 

10.80 

11.19 

Setting  for  the  distances  =  218°.6. 
Satellite  faint  from  moon  shining  on  object-glass. 


I 


February 

5. 

Staud.  Pac.  T 

Circle       Pos.  Angle 

h       111       8 

7   15  24 

256!3 

245.0 

Parallel  =  2 

17     4 

256.2 

244.9 

18     7 

256.2 

244  9 

18  54 

255.8 

244.5 

Distance  from  Center  of  Neptune. 

h             IN              B 

7  22     2 

94!243 

16.44 

Coincidence 

23  32 

94.233 

16.54 

24  51 

94.232 

16.55 

Threads  reversed. 

h       111       5 

r                             " 

7  26  37 

97.573 

16.54 

28  14 

97.595 

16.76 

29  40 

97.572 

16.53 

Setting  for 

the  distances  =  346°. 0. 

February  17. 

Stand.  Pac.  T 

Circle        Pos.  Angle 

8"  28"  47' 

269°.4 

234.3 

Parallel  =  1 

30  39 

268.3 

233.2 

31    14 

269.1 

234.0 

32  57 

270.8 

235.7 

Distance  from  Center  of  Neptune. 

h       ni       8 

8  36     7 

94^319          16!'39 

Coincidence 

37  34 

94.379          15.80 

39  32 

94.373 

1     15.86 

95'.903 


95'.974 


Threads  reversed. 

h       in       Br  " 

8  40  42    97.675    16.84 

41  57    97.580    15.90 

44  22  97.665  16.74 

Setting  for  the  distances  =  3G0°.0. 
Wind  shaking  telescope  badly.     Seeing  very  poor. 

February  18. 
Pos.  Angle 

Parallel  = 


Stand.  Pac.  T.       Circle 


8  28  1 

31  41 

32  46 

33  21 

9  23  26     I 


213.3  178.1 

214.5  179.3 

214.7  179.5 

213.0  177.8 

(Observations  interrupted) 

209.5      I      174.3     I 
Distance  from  Center  of  Neptune. 


305°.  2 


Coincidence  =  95'. 977 


9  26  55  95.012  9.56 

28  7  94.985  9.82 

29  5  94.978  9.89 

Threads  reversed. 

96^980  9.93 

97.007  10.20 

97.010  10.23 

Setting  for  the  distances  =  299°. 5. 
Satellite  unusually  faint.     Sky  good.     Seeing  fair. 

February  24. 
Circle 


h        111        8 

9  30     0 

30  50 

31  50 


Stand.  Pac.  T. 

h        ni        8 

7  42  27 

43  49 

45  43 

48  42 

52  32 


7  58     2 
58  28 

8  0  43 


Pos.  Angle 

170!9 
171.1 
169.5 
170.3 
168.9 


Parallel  =  125 


206.1 
206.3 
204.7 
205.5 
204.1 
Distance  from  Center  of  Neptune. 


96.967 
97.025 
96.961 


9.85 
10.43 
9.79 
Threads  reversed. 


Coincidence  =  9;": 


8     1  40  95.005  9.57 

2  41  95.039  9.24 

3  12  94.976  9.86 
Setting  for  the  distances  =  295°. 0. 

Fog  flying  over  the  mountain.     Satellite  difficult  at  the  measures 
for  position-angle.     Better  seen  at  the  distance. 

February  25. 
Pos.  Angle 


Stand.  Pac.  T. 

h        ill        8 

7     3  44 

7  54 

9   14 

10  37 

li       m       8 

7  13  34 

14  39 

15  44 


Circle 

123°.  9 
122.0 
122.5 
123.7 


88.7 
86.8 
87.3 
88.5 


Parallel  =  305" 


Distance  from  Center  of  Neptune 


97.485 
97.420 
97.430 


7   16  59  94.572 

18  49  94.562 

20     1  94.602 

Setting  for  the  distances  =  213°.0. 
Seeing  poor. 


14.98 
14.34 
14.44 
Threads  reversed. 

13!86 
13.96 
13.57 


Coincidence  ^=  95'. 972 
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March  3. 

March  4. 

Staiul.  Pac.  T.       Circle       I'os.  Angle 

Stand.  Pac.  T.       Circle       Pos.  Angle 

h            Ml            t 

7  22     4 

249.9 

83.6 

Parallel  =  25G°.3 

7 '  3o"'  33* 

31.6               45.4 

Parallel  =  256°. 2 

24  56 

248.8 

82.5 

32   18 

30.6 

44.4 

27  34 

249.5 

83.2 

33   16 

30.9 

44.7 

35  29 

248.3 

82.0 

34  31 

31.3 

45.1 

Distance  from  Center  of  Xeptnne. 

Distance  from  Center  of  Septune. 

7  39  20 

94.391 

15.69     1  Coiuciileuce  =  95'.975 

U       III       * 

7  36  31 

97.482 

14.94 

Coincidence  =  95' 

973 

41     9 

94.521 

14.40 

37  46 

97.482 

14.94 

42  40 

94.473 

14.87 

38  51 

97.501 

15.13 

Threatls  reversed. 

h        m        a                       r                                 r 

Tlireads  reversed. 

7  44  36 

97.551 

15.61 

h       m       •                     r                               '              , 

46  29 

97.557 

15.67 

7  39  59 

94.432           lo  26 

48     4 

97.525 

15.35 

41   33 

94.495           14.64 

^^                 -                1 
Setting  for  the  disWnccs  =  159o.O. 

42  23     1     94.441      |      1.").17 

Measures  with  lOCO  diameters.     Sky  very  thick,  and  satellite  very 

Scttin-;  for  the  distances  =  12r\0. 

faint. 

Measures  witli  KiDi)  diameters.    Image  steady. 

.1^.  Ham 

'Iton,  Cal., 

1895  Marc 

h  15. 

MElJTin.\X 


OliSEKV.VTrOXS   OF  ALGOL   AND   OTHER   STARS, 

By  lewis  noss. 


Recent  hypotheses  and  researches  as  to  the  motion  of 
Alyol  (A.J.  XI,  pp.113, 121 ;  Aim.  II.  C.  0.  XXIX ;  A.J.  XIV, 
p.  41;  !'../.."?.  XXIX,  p.  196,  etc.)  seem  of  interest  sufficient 
to  warrant  furtlier  observation  of  that  star.  It  appeared 
probable,  also,  that  such  observations  at  this  time  with 
the  Olcott  Jleridiau  Circle,  at  Albanj',  might  prove  instruc- 
tive in  relation  to  the  proper  use  of  tliat  instrument,  and 
the  final  preparation  of  it  for  regtilar  work.  Since  the 
I)roposed  observations  of  Ali/ol  would  be  differential  in  a 
very  strict  sense,  the  observed  position  of  that  star  ought 
not  to  be  materially  influenced  by  the  neglect  of  refinements 
in  instrumental  correction,  so  far  as  such  corrections  can 
be  formulated  in  expressions  not  abruptly  variable  with 
time  and  zenith-distance. 

The  plan  was  to  observe  Alijol  twice  in  each  position  of 
the  two  circles,  or  four  times  clamp  E,  and  as  many  clamp 
W,  —  referring  the  position  of  the ,  instrument,  on  each 
niglit,  exclusively  to  the  star  places  of  the  Berliner  Jahr- 
biii-h  ;  and  deriving  the  clock-correction  and  equator-read- 
ing of  the  circles  on  each  night,  from  as  many  as  practicable 
of  the  thirteen  comparison-stars  selected  by  Dr.  Chaxdlek 
(.4.-/.  XI,p.ll4)  and  adopting  for  these  the  mean  places 
given  in  the  li.J.  for  1S95.0. 

Experience  seemed  to  indicate  that  the  hourly  rate  of  the 
clock  derived  from  comparison  of  determinations  made  up- 
on the  successive  dates,  would  consistently  apply  to  the 
observations  of  each  night  ^v^th  substantially  the  same 
probability  of  real  accuracy  and  applicability  that  would 
attach  to  the  best  determination  of  that  rate  from  the  re- 
sults for  separate  stars  on  any  given  night.  Tliere  is  evi- 
dence that  changes  in  other  constants  of  reduction  might 
have  been  sensible  on  some  of  the  nights,  but  sucli  changes 
appeared  to  be  always  small,  and  not  certainly  predicable 


from  tlK-  observations  themselves;  therefore  the  values  of 
c  and  n  in  E.A.  and  of  the  equator-reading  in  declination 
were  assumed  to  be  invariable  during  the  period  of  obser- 
vation on  each  night ;  and  for  the  clock-correction,  ^t,  was 
substituted  Jt  +  m.  The  value  of  n  (in  n  tang  8)  was  de- 
rived from  one  or  more  (usually  two)  of  the  stars,  a  Urs. 
Mill.,  750  Groombridge,  and  8  Urs.  Min.  L.C.,  in  combina- 
tion with  soutli  stars. 

The  following  table  exhibits  (less  one  decimal  place)  the 
adopted  values  of  the  transit-constants  of  reduction  on 
each  night,  at  an  epoch  differing  but  little  from  3''  sidereal 
time  on  each  night,  except  Feb.  12  (2''  12'"). 


■Y\wv. 

Pes. 

J«-f  m 

Hour  rate 

n 

b 

c 

v.. 

Jan.  24  E 

+  (;'49 

+  0"028 

+o!i4 

+  0^38 

-o!o2 

-   9 

25  E 

+   7.16 

+  0.025 

+  0.20 

+0.23 

-0.02 

-   6 

27  E 

+   8.31 

+  0.027 

+  0.25 

+  0.39 

-0.02 

-   8 

29  E 

+   9.71 

+  0.027 

+  0.34 

+  0.41 

—  0.02 

-   9 

Jan.  31  W 

+  10.90 

+  0.025 

+  0.32 

+  0.40 

-0.01 

-10 

Feb.  12  W 

+  18.55 

+  0.45 

+  0..38 

0.00 

-   4 

14  W 

+  19.69 

+  0.030 

+0.24 

+  0.34 

0.00 

-  3 

15  W 

+  20.46 

+  0.029 

+  0.19 

+  0.34 

0.00 

-   3 

low 

+  21. IK) 

+  0.025 

+0.21 

+0.31 

0.00 

-  3 

The  period  between  Feb.  2  and  Feb.  10  was  one  of  storms 
and  extremely  low  temperatures. 

From  the  methods  employed  it  becomes  evidently  allow- 
able to  compute  the  observed  (differential)  place  of  each 
one  of  the  comparison-stars  by  omitting  each  one  in  turn 
from  the  determination  of  Jt  +  m  and  equator-reading, 
making  its  place  depend  upon  those  for  the  remaining  12 
comparison-stars.  The  separate  results,  thus  derived,  and 
in  the  form  of  corrections  to  B.J.  1895.0,  are  exhibited  in 
the  following  table. 
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Observed  Cokrkctions  for  Siar-Place.s  in   ihk  Kerlineu  Jahrbuch,  1895.0. 


Date 

IS!  I.-, 

Jan.   L'4 
25 

Jan.  27 
2'J 

Jan.   31 
Feb.  14 

Feb.   15 
16 

Means 

Date 
1«)5 

Jan.  24 
25 

Jan.  27 
29 

Jan.  31 
Fel).  14 

Feb.   15 
16 

Means 


Pos. 


AE 
AE 

BE 
BE 

AW 

AW 

BW 
BW 


Pos. 


AE 
AE 

BE 
BE 

AW 
AW 

BW 
BW 


7  Andromedae 
Ja  J8 

— O.^Oll     +0.12 
+0.041*  —0.29 

—0  024     +0.22 
—0.030    +0.4G 

+0.051*  —0.23 
+0.031    —0.51 

+0.115*  +1.29 
—0.017    —1.08 

+0.020        0.00 

u  Persci 
Ja  J8 

+0.16 
—0.69 

—0.92 
—0.22 

—0.07 
—0.23 

—0.030    —1.18 

+0.041    +1.43     

—0.033    —0.22      —0.005    —0.1/ 


—0  004 
—0.063 

—0.051 
—0.031 

—0.062 
—0.067 


/3  Trianijuli 

Ja  JS 

— 01*019  —0.24 

—0.040  —0.93 

—0.024  +0.76 

—0.082  +0.96 

—0.022  +0.42 

+0.051  —0.70 

—0.008  +1.02 

—0.021  +0.09 

—0.021  +0.17 

S  Persei 

Ja  JS 

+0*017  — 0.S7 

+0.007  +1.11 

+0.090  +0.34 

+0.003  —0.24 

-0.068  —0.36 

—0.079  -0.99 


0  Pt'i'sfl 
J«         JS 


+0.101 
—0.034 


—0.27 


+0.012    +0  28 
—0.059    +0.04 

+0.080    —0.40 


+0,04:1    —0.51 
+0.027    +1.48 

+0.024    +0.10 
r  Persei 


J8 


—0.007*  +0.87 
—0.044*  +0.58 

+0.061*  +1.20 


-0  053*  +0.14 
-0.014*  —1.24 


l'\-il  Arictis 
Jtt  J8 

+o!'o46  +0.43 

+0.039  —100 

+0.044  +0.22 
+0.040        0.00 

+0.002  —1.75 

+C.002  +0.88 

+0.018  +0.14 


+0.03G  —0.15 

ij  Taiiri 
Ja  J8 

-)-0'011  —0.49 

+0.032  +0.14 

+0.058  +0.32 

+0  030  +0.60 

+0  038  —0.44 


■y  Persei 
Ja  JS 

-o!'o33     +0.54 


—0.011  +0.30 

—0.053  —0.83 

—0  014  —0.98 

—0.028  —0.24 

J^  Persei 

Ja  J8 

s  » 

—0.042  —0.27 

+0.019  +1.06 

—0.037  +0.04 

—0.041  +0.28 

—0.028  —0.09 

+0.026  —0.41 


p  Persei 
Jtt  JS 

s  » 

—0.009    +0.10 
+0.037    —1.90 

+0.018    +6.38 
—0.018    +0.60 

+0.007    —0.21 
e  Persei 


Ja 


J8 


+0.139*  —1.91 
—0.038  +0.06 
—0.043    +0.75 


j3  Persei 

Ja  JS 

— o'o29    —0.92 
— 0.035t  +1.11 

+0.032    —0.86 
—0.038    —0.04 

+0.079*  +0.09 
+0.044    —0.02 

+0.070    +0.72 
+0.062*  +0.47 

+0.023    +0.0T 

i  Persei 

Ja  JS 

8  " 

—0  073     +0.62 
+0  019     +0.67 

—0,041     +0.12 
+0.019    —0.56 

—0.020    +1.59 


—0.015 


-0,06 


-0.011     +0.31      +0.034    —0.03      —0.017     +0.10      +0.019    —0.37      —0.019    +0  40 

*  The  values  of  Ja  distinguished  by  an  asterisk  result  from  transits  of  stars  wliicli  would  regularly  be  ol)served  as  south  stars, 
feet  to  tlie  south,  but  whicli  were  actually  observed,  '•  feet  north." 

t  The  transit  of  fi  Persei  on  Jan.  25  depends  on  only  three  threads;  the  ett'ect  of  this  may  be  rou,ihly  considered  as  increasing 
the  probable  error  of  the  R.A.  on  that  date  from  ±0s.b30  to  about  ±0\040.  With  a  weight  of  }^  for  Jan.  25,  the  mean  Ja  for 
li Persei  becomes  +0".027. 


The  probable  error  for  one  observation  appears  to  be 
about  ±0».032  for  R.A.  and  ±0".50  for  Decl.  I  am  con- 
vinced that  better  results,  both  in  R.A.  and  Decl.,  as  to  ac- 
cidental error,  might  have  been  obtained  through  a  more 
free  use  of  the  zenith-distance  micrometer,  in  the  use  of 
which  at  low  temperatures  a  degree  of  distrust  was  felt 
(as  to  its  action)  which  further  study  indicates  not  to  have 
been  warranted.  The  tangent  screw  could  not  be  used  with 
advantage  for  zenith-distances  less  than  10°  ;  for  such  stars 
the  setting  upon  slightly  inclined  wires  was  effected  by 
tapi)ing  the  telescope  with  the  hand,  a  process  which  I  can- 
not recommend,  on  account  of  the  confusion  sometimes  in- 
troduced, and  also  on  account  of  the  distraction  from  the 
transit-work.  For  F.41  Arietis,  y  Persei,  rj  Tauri  and  ^Persei 
the  tangent  motion  could  be,  and  was,  used,  as  customary  in 
observations  with  this  instrument,  with  evidently  much 
greater  precision  in  the  sense  of  accidental  error. 

During  these  observations  the  pivots  were  allowed  to 
rest  on  their  bearings  with  a  residual  pressure  of  8  kilo- 
grams for  each.  It  apjiears  quite  certain  now  that  for  this 
instrument  the  jiressure  on  the  jjivot  bearings  should  be  at 
least  12  kilograms,  when  the  temperatures  are  low,  unless 
all  traces  of  oil  are  removed  from  the  pivots. 

These  and  other  similar  drawbacks  to  accuracy  probably 
have  not  introduced  any  marked  source  of  systematic  error 
in  these  differential  observations. 

The  riglit-ascension  determinations  do  not  indicate  sys- 
tematic error  dependent  on  declination,  or  otherwise,  between 


the  results  obtained  in  the  respective  positions  W  and  E. 
Means  of  groups  formed  at  +8°,  +34°  and  +47°  of  decli- 
nation show  the  mean  values  of  W— E  less  than  O'.Ol  in 
every  instance. 

But  when  the  means  for  the  two  i>ositioiis  are  compared 
with  the  right-ascensions  of  the  B.J.,  a  slight  dependence 
of  the  differences  upon  declination  is  indicated.  The  fol- 
lowing table  exhibits  this,  also  shows  the  corresponding 
comparison  for  declination,  and  in  the  last  column  presents 
the  corrections  to  B.J.  right-ascensions,  found  by  Dr.  Chand- 
ler (see  A.J.  IX,  p.  124  and  //.  C.  0.  Ann.  XXIX,  p.  222). 

Albany  —B.J.  Cli.  —B.J. 


Mean  8 

Ja 

Obs. 

JS 

Obs. 

Ja 

—20°  to  +22'^   +    8.2 

+  0.024 

23 

.      .      . 

li  Taiiri 

+  23.8 

+  0.034 

5 

-0.03 

5 

+  0.021 

F.41  A)-U'tls 

+  2G.8 

+  0.030 

7 

-0.15 

7 

+  0.005 

!^  Persei 

+  31.6 

-0.(117 

6 

+  0.10 

6 

0.000 

fi  Triangidi 

+  34.5 

—  0.021 

8 

+  0.17 

8 

-0.026 

?  Persei 

+  35.5 

-0.019 

6 

+  0.40 

C 

+  0.007 

p  Persei 

+  38.4 

+  0.007 

4 

-0.21 

4 

+  0.005 

£  Persei 

+  39.7 

+  0.019 

3 

-0.37 

3 

+  0.004 

1^  Persei 

+  40.6 

+  0.023 

8 

+  0.07 

8 

+  0.077 

yAndroin. 

+  41.8 

+  0.(i20 

8 

0.00 

8 

+  0.007 

V  Persei 

+  42.2 

-0.011 

5 

+  0.31 

5 

-0.041 

SPersei 

+  47.5 

-0.005 

6 

-0.17 

6 

-o.ois 

6  Persei 

+  48.8 

+  0.024 

7 

+0.13 

6 

+  0.017 

a  Persei 

+  49.5 

-0.033 

8 

—0.22 

8 

+  l».01S 

y  Persei 

+  53.1 

-0.028 

4 

-0.24 

4 

-0.021 

Personal  equation  depending 

upon 

declination 

(rate  of 

star's   apparent  diurn 

il    motion),    irregularities 

of    pivot 
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which  do  not  affect  the  differences,  W  — K.  or  I'lror  <vl'  thi> 

K.A. 

No.  Obs 

Uecl.          Xo 

Obs. 

B.J.  system,  wliicli  is  now  affcoted  with  alioiit  minus  one- 

0  Pei:<i-! 

ii 
•> 

Ill      » 
37     l.()34 

7 

+  48 

1 

4  7 

2.77 

C 

third  the  systematic  error  of  ]>K.\ni,i:Y"s  right-ascension.s, 

¥. -11. liii't  is 

i> 

43  48,144 

7 

2() 

49 

;is.,s7 

"■ 

are  among  explanations  which  might  be  offered  to  account 

yPersei 

•> 

57   11.379 

4 

53 

a 

41.90 

4 

for  these  small  differences  in  right-ascension,  should  they 
prove  to  be  real. 

The  resulting  observed  positions  of  ^Persel  and  nf  the 

p  Perm!  I 
(iPer.iei 
u  Per.ie! 
SPersi'i 

3 
3 
3 

58  2().795 

1   20.127 

Ki  49.474 

35  20.839 

4 

8 
8 
G 

38 
40 
49 

47 

2J) 
33 
29 

27 

59.53 
3.31 

13.51 
5.1() 

4 

8 
8 
0 

13  coraj)arison-stars  for  1895.0  are  appended. 

rPer.iei 

3 

38     3.580 

5 

42 

14 

47.00 

5 

COXCLUUED    I'OSITIOXS    KOK    1S95.0. 

K.A.           No.  Obs.              Decl.        Xo.Obs. 

h             111            K                                                                  O             1                ' 

yAmlromahie   1  57  L'7.ir.l          ,S      +41   49  3l'.54         8 
firn.ni,,,,/!       -2     3  17.C.71         S     +34  29  25.95         8 

)j  Tauri 
^Pcrsei 
£  Persei 
f  Persei 

3 
3 
3 
3 

41   14.522 
47  ;!  1.827 
50  48.393 
52     9.031 

5 
() 
3 
(3 

23 

31 

.39 

+  35 

46 
34 

42 

29 

l.s.sc, 
17.75 
22.(14 
l'.l.90 

5 
0 
3 

0 

OBSERVATIONS  OF   SMALL   PLANETS, 

MADE    AT   TUK    I>l"DLEY   01ISK1!\' ATOKV,    .\I,I1AXV, 

Bv  A.  JAY  ItOV. 


No. 
comp. 

Planet—*                1 

Planet's  Apparent 

log  p^          1 

Albany  M.T. 

* 

J«                 J') 

a 

8 

for  a 

for  8 

Irene  (14) 

IBM 

Oct.      7 

b 
11 

in       s 

58  42 

1 

^ 

n 

2 

'14^01    1+    1  44.0 

\\        m       B 

0  57     7.20 

-   8  12  38.5 

8.227 

0.835 

Eurojm  (52) 

Nov.     1 

13 

39  25 

2 

6 

+  2 

38.02 

-  6  46.5 

2  28 

43.10 

+  2  52  11.6 

9.327 

0.754 

4 

9 

4  53 

3 

4 

+  2 

6.24 

+  0  14.8 

26 

30.65 

+  2  41  52.3 

«9.409 

0.757 

<; 

1 

22  40 

3 

9 

+0 

36.00 

-   6  18.9 

25 

0.42 

+  2  35  '18.5 

M9.573 

0.764 

10 

13 

13  25 

4 

5 

-3 

18.48 

+   1     0.1 

21 

45.53 

+  2  22  30.5 

9.375 

0.758 

15 

12 

53  55 

5 

9 

+  0 

0.01 

+   4  11.2 

IS 

8.59 

+   2  10  41.8 

9.388 

0.760 

* 

Amjeliiiu  (64) 

Oct.    IS 

13 

29  39 

6 

8 

-0 

59.78 

+  3.22.2 

1  ;;o 

.•;2.{;() 

+  11  39  45.1 

9.311 

0.669 

14 

47  53 

7 

8 

-1 

36.35 

+   6  40.8 

30 

29.40 

+  11  39  27.5 

9.512 

0.694 

19 

1 

47  34 

6 

9 

-1 

40.06 

-  0  29.2 

29 

52.33 

+  11  35  54.1 

7/9.570 

0.710 

8 

18  13 

7 

10 

-2 

14.88 

+  3     6.9 

29 

50.88 

+  11  35  47.7 

«9.528 

0.698 

20 

15 

10  35 

8 

6 

-3 

11.63 

-10  43.0 

23 

27.95 

+  10  58  44.2 

9.600 

0.725 

Frein  (76) 

Dec.     3 

11 

32     5 

9 

7 

+  0 

59.11 

+  8.   2.1 

5  27 

21 .05 

+  20  58  36.9 

M9.104 

0.522 

5 

9 

32  25 

'.( 

6 

-0 

34.69 

+   5  30.5 

25 

47.27 

+  20  56     5.0 

«9.505 

0.589 

9 

48  43 

10 

6 

-1 

46.87 

-   0  52.4 

25 

46.88 

+  20  56     4.8 

M9.470 

0.576 

19 

13 

4  54 

11 

5 

-3 

15.30 

+   9     0.7 

13 

57.1.-5 

+  20  37  31.8 

9.317 

0.547 

.    Si/lria  (87) 

Oct.    21 

12 

24  51 

12 

6 

-1 

1.72 

-   1  49.2 

2  20 

lO.l'J 

+   3  14  48. S 

7.. 558 

0.747 

20 

10 

32  42 

13 

8 

-1 

4.82 

-   1  25.0 

*;•> 

1 2.23 

+   34  50.4 

9.007 

0.765 

27 

1 

10  32 

14 

8 

-0 

20.89 

+  0     2.7 

21 

44.57 

+  33  53.9 

»9.016 

0.767 

28 

7 

6     3 

15 

8 

+  1 

3.00 

-  5  57.5 

20 

58.35 

+   32  15.1 

M9.615 

0.767 

29 

1 

4     4 

14 

6 

-1 

53.49 

-   3  12.1 

20 

11.99 

+   3     0  39.0 

M9.614 

0.767 

Gallia  (148) 

Nov.  28 

11 

52  33 

16 

7 

+  1 

45.49 

-  2  57.0 

4  24 

35.74 

-20  39  16.7 

- 

0.896 

Dec.     3 

9 

35  26 

17 

6 

+  1 

1.5.09 

+  7  34.8 

20 

1 7.61 

-20  23  17.2 

H9.344 

0.880 

5 

11 

29  27 

18 

6 

-1 

1.41 

+   8     1.1 

18 

30.91 

-20  13  20.0 

8.336 

0.895 

14 

12 

8  44 

19 

0  ,  8 

+  1 

2:!.49 

-  0  58.3 

11 

28. .-.8 

-19     8  57.1 

9.257 

0.881 

Laurentia  (162) 

Oct.      1 

9 

36  30 

20 

6 

o 

0.81 

-   1  50.4 

0  24 

18.23 

-   2  24     9.5 

«9.352 

0.792 

6 

12 

32  56 

21 

7 

+  1 

11.05 

+  5  23.0 

20 

19.30 

-  2  42  31.8 

9.154 

0.796 

7 

11 

0  27 

21 

9 

+0 

28.18 

+   2  10.9 

19 

36.46 

-  2  45  43.8 

M8.360 

0.797 
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Mean  Places  for  1S94.0  of  Comparison- Stars. 


Albany  JI.T. 

* 

Xo. 
comp. 

Planet—  5t; 

Planet's  Apparent 

a                r, 

log  p^ 

for  a            for  8 

Idunna  (176) 

18M 

Sept.  11 

h       11 

12     4 

S 

42 

22 

10 

m       8                      t        It 

-0  48.14  [+   1  51.5 

h        in      8 

0  33  43.28 

+  14  59 

44.5 

«9.095 

0.617 

20 

10  37 

5 

23 

9 

+  1 

2.52 

+   4  58.4 

28 

53.25 

+  13  20 

36.6 

M9.321 

0.651 

21 

10  23 

4 

23 

11 

+  0 

27.21 

-   7     0.8 

28 

17.96 

+  13     8 

37.5 

M9.353 

0.656 

25 

8  24 

15 

24 

12 

-0 

19.31 

-   1     0.1 

25 

56.30 

+  12  19 

20.8 

«9.564 

0.702 

27 

8  44 

40 

25 

7 

+  4 

31.90 

-  4  22.5 

24 

41.99 

+  11  53 

5.6 

«9.520 

0.694 

Oct. 

1 

12  21 

51 

26 

8 

-3 

57.04 

+  0     4.4 

2"' 

7.75 

+  10  57 

20.9 

8.921 

0.600 

Is-mene  (190) 

Oct. 

21 

11  42 

5 

27 

*7 

+  4 

3.24 

+  4     9.9 

2  28 

2.71 

+   9  10 

7.1 

M8.921 

0.687 

28 

8  16 

53 

28 

8 

-0 

20.06 

+   7  17.2 

23 

40.14 

+   8  39 

39.9 

M9.553 

0.726 

29 

7  43 

6 

28 

6 

-0 

57.99 

+  3     0.7 

23 

2.21 

+   8  35 

23.4 

W9.588 

0.735 

Nov. 

1 

12     4 

25 

29 

8 

-1 

12.94 

-   1  41.2 

20 

57.80 

+   8  21 

38.0 

8.748 

0.695 

6 

11  22 

3 

30 

5 

-4 

48.89 

+   1  33.3 

17 

46.36 

+   8     1 

3.4 

8.269 

0.699 

Soea  (329) 

Dee. 

22 

10  30 

24 

31 

6 

-4 

10.45  1+   1  59.9 
Planet  AD  (371) 

4  40 

29.01 

-  2  37 

26.7 

M7.818 

0.796 

Nov. 

28 

7  14 

32 

32 

7 

2 

26.31 

-  3     9.1 

2  12 

52.00 

+  22  53 

45.3 

M9.450 

0.539 

29 

6  57 

25 

33 

6 

-0 

44.35 

+   6  29.9 

12 

18.48 

+  22  47 

40.6 

W9.480 

0.551 

Dec. 

3 

7  53 

58 

34 

10 

-1 

35.20 

+  12  44.2 

10 

15.21 

+  22  23 

26.9 

W9.231 

0.505 

Planet  BE. 

Dec. 

15 

7     3 

28 

35 

10 

-0 

17.69 

-   2     6.6 

2  29 

56.95 

-   4  30 

9.5 

M9.297 

0.806 

18 

6  56 

12 

36 

7,6 

+  0 

28.67 

+  4     0.7 

31 

19.45 

-  4  39 

54.1 

?i9.284 

0.808 

19 

6     6 

6 

36 

10 

+  0 

58.45 

+   1  41.5 

31 

49.22 

-   4  42 

13.4 

«9.428 

0.804 

1895 

Hermioiw  (121) 

Jan. 

12 

7  53 

12 

37 

6  ,  8 

+  0 

23.44 

-1  43.2 

6  24 

49.65 

+  27  29 

47.1 

??,9.544 

0.503 

14 

11  18 

22 

37 

6 

-1 

14.10 

+  1  18.0 

23 

12.11 

+  27  32 

48.4 

8.842 

0.362 

Planet  BJ.  (369) 

Jan. 

19 

7  26 

49 

38 

7 

+2 

7.70 

+  2  34.6 

2  26 

23.43 

+   5  35 

28.5 

9.031 

0.726 

27 

7  46 

57 

39 

8 

+0 

41.92 

-8  22.4 

32 

43.32 

+   6  57 

34.0 

9.277 

0.717 

Hi_-a.  to 

8 

Ketl.  to 

* 

a 

app.  place 

app.  place 

Authority 

h       It 

/            'f 

// 

1 

0  59 

17.57 

+3.64 

-   8 

14  47.3 

+24.8 

Albany,  2  observation.s 

2 

2  26 

1.27 

+3.81 

+  2 

58  32.7 

+  25.4 

A.G.  Albany  704,  Schjellernp  707 

3 

2  24 

20.57 

+  3.84 

+  2 

41  12.6 

+  24.9 

A.G.  Albany  695 

4 

2  25 

0.15 

+3.86 

+  2 

21     5.9 

+  24.5 

A.G.  Albany  699 

5 

2  18 

4.70 

+  3.88 

+   2 

6     5.9 

+24.7 

A.G.  Albany  6(;7 

6 

1  31 

28.74 

+3.64 

+  11 

35  57.7 

+  2.->.5 

American  EpliemerLs  (TrPiscium) 

7 

1  32 

2.10 

+3.65 

+  11 

32  15.2 

+25.5 

Paris  2017,  Glasgow  360 

8 

1  26 

35.90 

+3.68 

+  11 

9     1.4 

+  25.8 

Albany,  2  observations 

9 

5  26 

17.22 

f  +4.72 
\  +4.74 

+20 

50  22.1 

\  +12.7 
(+12.4 

Rumker  1461 

10 

5  27 

29.01 

+  4.74 

+  20 

56  44.6 

+  12.6 

Albany,  1  observation 

11 

5  17 

7.52 

+  4.91 

+  20 

28  17.6 

+  13.5 

Albany,  2  observations 

12 

2  27 

8.20 

+  3.71 

+   3 

16  12.7 

+  25.3 

A.G.  Albany  709,  Glasgow  568,  Yarnall  1161 

13 

2  23 

13.30 

+  3.75 

+  3 

5  50.2 

+  25.2 

A.G.  Albany  687 

14 

2  22 

1.71 

<  +3.75 
■(  +3.77 

+  3 

3  26.0 

(  +25.2 
(+2.5.1 

A.G.  Albany  679 

15 

2  19 

51.59 

+3.76 

+  3 

7  47.4 

+25.2 

A.G.  Albany  673,  Schjellerup  687 

16 

4  22 

46.36 

+3.89 

—  20 

36  37.7 

+  18.0 

Albany,  2  observations 

17 

4  18 

58.58 

+3.94 

-20 

31     9.1 

+  17.1 

Yarnall  1944,  Bonn  VI,  52 
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a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Aiithoi-ity 

18 

1 
4 

111     » 
19  28.36 

+  3*96 

-20  21 

37.7 

+  16.6 

Albany,  2  observations 

19 

4 

10     1.118 

+  4.01 

-ID     8 

13.8 

+  15.0 

Albany,  u  1  and  A  2  observations 

20 

0 

26  15.51 

+  3.53 

2  22 

42.9 

+  23.8 

(Jould  441,  KaiLsrulu' 

21 

0 

19     4.70 

+  3.55 

-  2  48 

18.3 

+  23.5 

Gould  .'il(>,  Y'arnall,  Karlsrulic,  etc. 

O') 

0 

34  28.19 

+  3.23 

+  14  57 

31.7 

+  21.3 

Albany,  2  observations 

23 

0 

27  47.40 

+  3.33 

+  13  15 

15.6 

+  22.6 

Albany,  2  observations 

24 

0 

26  12.21 

+3.40 

+  12  19 

57.5 

+  23.4 

Munich  I  and  II,  W.  Bessel  396 

25 

0 

20     6.(!S 

+  3.41 

+  11  57 

4.7 

+  23.4 

Albany,  2  observations 

26 

0 

26     l.;!S 

+  3.41 

+  10  56 

52.7 

+  23.8 

I'aris  (ilO,  Glasgow  137,  etc. 

27 

•> 

23  55.72 

+  3.75 

+  9     5 

32.2 

+25.0 

Glasgow,  Paris,  Yarnall  1137 

28 

o 

23  56.41 

+  3  79 

+  8  31 

57.6 

+  25.1 

Albany-,  1  observation 

29 

*> 

22     6.91 

+  3.83 

+   8  22 

54.0 

+  25.2 

Albany,  2  observations 

30 

o 

22  31.37 

+  3.88 

+   7  59 

4.9 

+  25.2 

American  Eiilienieris  (?^  Ceti) 

31 

4 

44  35.17 

+  4.29 

-   2  39 

40.6 

+  14.0 

Albany,  2  observations 

32 

•7 

15  14.25 

+  4.06 

+  22  56 

27.1 

+  27.3 

Albany,  2  observations 

33 

O 

12  58.78 

+  4.05 

+  22  40 

43.3 

+27.4 

Armagh,  Paris  2868 

34 

2 

11  46.37 

+4.04 

+  22  10 

15.0 

+  27.7 

Albany,  2  observations 

35 

O 

3(»  10.74 

+  3.90 

-   4  28 

23.3 

+  20.4 

Albanv,  2  observations 

36 

2 

30  46.90 

+  3.88 

-  4  44 

14.8 

+  20.0 

Glasgow  I  and  11 

J f Id II  Places  for  189. 

5.0. 

37 

(■) 

24  24.39 

+  1.82 

+  27  31 

0'>  o 

+  8.1 

W.  Bessel  (127 

38 

•  > 

24  15.25 

+  0.48 

+  5  32 

49.1 

+  4.8 

J'.onn  YI.  .■!44 

39 

2 

32     0.97 

+  0.43 

+   7     5 

51.2 

+   5.2 

W.  Bessel  II,  504 

Star    1 
Star  24, 


adopted  p.m., 
adopted  p.m.. 


+0-.003,  +o".n. 
— O-.OOS,  — CMC. 


Star  21,  adopted  p.m.,    — 0».003,  O'.OO. 

Star  26,  precession  of  Glasgow  137  should  l)e  +3'.on97 


iusti-ad  of  +3M11'; 


XEW   YAKTABLE   IX    CETUS,  SD:M.  — lo°6531, 

23''  .54"'.-     —1.5°  29'.o     (1855), 

15V  AAKOX  X.  SKINXER,  .\ssistaxt  Astkoxomer. 

[Communicated  by  Prof,  W.m.  Harkxess,  Astronomical  Director,  Xaval  Observatorj'.] 


In  the  course  of  the  observation  of  the  Washington  Zone 
—  13°  50'  to  —18'  10',  on  each  of  the  three  dates,  Nov.  1, 
12  and  14,  1894, 1  failed  to  see  with  the  9-iuch  transit-circle 
the  star  SDM.  — 15°6531,  which  Scuoxfkld  called  8".4, 
and  Argelandek  in  Band  VI  of  the  Bonn  observations 
called  9".0.  A  scrutiny  of  the  region  with  the  equatorial 
showed  in  this  place  a  star  of  the  magnitude  12  to  13.  At 
my  request  Assistant  Astronomer  Paul  of   this  observa- 

Washhiffton,  D.C.,  1895  Aj,ril  2. 


tory  made  careful  comparisons  of  this  star  with  neighbor- 
ing comparison-stars  on  eight  different  dates,  from  1894 
Nov.  24  to  1895  Jan.  22,  and  observed  an  increase  in  bright- 
ness of  about  three  magnitudes.  At  the  latter  date  it  had 
reached  nearly  to  the  ninth  magnitude,  and  had  ajipareiitly 
not  i^assed  a  maximum.  The  star  could  be  followi'il  no 
longer,  on  account  of  the  evening  twilight. 


XEW   ASTEROIDS. 

Prof.  Kkei'tz  communicates  the  discovery  of  four  more    asteroids,    two   by  Prof.  "Wolf  ]\[arch  15  and  16,  and 
two  by  Mr.  Chaklois  !March  15  and  21.      Their  positions  were 

Ii       m  h       m       8  o       ; 

BT  12p  March  16  10  31.6  Heidelb.  M.T.   n  =  11  56  36,  6  =  +   6  54.  Daily  motion,  —48"  in  a,  and  4'  northward. 

£U  U"  March  15    9  50.0  Nice  M.'J'.  u  =  11    5-56,  8——   0  46.  DailV  motion,  —4.S' in  «,  and  2' northward. 

BV  13"  March  15    9  50.0  Heidelb.  ^f.T.    «  =  11  12  40,  d'  =  +   4  ."iS.  Daily  motion  not  yet  known. 

/j:rr  11"  March  21    9  37.0  Nice  .M,T  .£=1150    4.  3  =  +17  15.  Daily  motion,  —48"  in  .«,  and  8' northward. 


CONTEXTS. 

OnsEI'.VATIOXS   OF   TUE    Dl.VMKTEU   OF    XkPTIXE    \SJ)    OF   THE    I'oSITIOX    OF   UlS   SATELLITE,    1!Y    PuOK.  E.    E.    I?.\I!XAK1>, 

Mkkidi.ix  Ouskrv.vtioxs  of  Alool  Axn  other  Stars,  by  Pkof.  Lewis  Boss. 
OnsERVATioxs  of  Small  Pl.\sets,  by  Mu.  A.  J.\y  Roy. 
New  V.vriahle  ix  Cetus,  SDM.  —15*^0531,  by  Mr.  Aarox  X.  Skixxer. 
New  Asteroids. 
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01^   THE   PROPER  M0TI0:N^  of  ALGOL, 

By  I.EWIS   boss. 


It  is  -well  known  that  the  interval  between  the  liglit- 
inininia  of  A/(/n/  undergoes  a  periodic  variation.  Dr. 
Chandlek  finds  this  period  to  be  about  131  years,  and 
advances  a  lij'potliesis  to  account  for  it.  According  to  this 
hypotliesis  Ahjol,  witli  its  known  eclipsing  companion, 
revolves  about  a  distant  center  of  gravity  determined  by 
its  relation  to  a  third  body.  Recently,  Mr.  Tisskkaxd  has 
advanced  another  hypothesis  (C.iJ.  CXX,  no.  3),  which  also 
seems  to  account  for  the  periodic  variation  in  the  interval 
of  light-changes,  namely,  that  the  orbits  of  the  components 
of  the  Ahjol  pair  are  sensibly  eccentric,  and  that  a  revo- 
lution of  the  line  of  apsides  is  caused  by  a  hj^pothetical 
polar  compression  of  AlijoL  That  the  two  bodies  of  the 
.^ZjToZ-system  must  have  a  period  of  rotation  synchronous 
with  that  of  orbital  revolution  seems  to  be  an  essential 
requirement  for  the  stability  of  that  system.  Under  this 
assumption  the  jjeriod  of  rotation  would  be  less  than  69 
hours.  The  resulting  compression  would  evidently  be  of 
some  importance.  Therefore  it  seems  very  probable  that 
the  hypothesis  of  Mr.  Tisserand  maj^  ultimately  be  shown 
to  explain  some  part  of  the  periodicity. 

In  the  endeavor  to  decide  upon  the  relative  importance 
of  these  two  hypotheses  in  relation  to  the  observed  peri- 
odicit}^  of  the  light-interval,  or  in  considering  whether  one 
of  them  should  be  held  to  exclude  the  other,  wholly  or  in 
the  greater  part,  two  distinct  sources  of  evidence  must  be 
consulted. 

(1)  Mr.  Tisseeaxd's  hypothesis  requires  a  periodic 
variation  of  large  amount  in  the  duration  of  the  minimum 
phase  of  Algol;  the  question,  whether  such  variation  in  the 
required  degree  has  actually  been  observed,  must  undergo 
satisfactory  examination. 

(2)  On  the  other  haiul,  Dr.  Chandler's  hypothesis  re- 
quires a  periodic  inequality  in  the  proper  motion  of  Algol. 
It  is  evident  that  the  tenability  of  this  hypothesis  does  not 
rest  upon  the  ability  actually  to  recognize  an  inequality  in 
the  proper  motion  of  .J/r/o/ (J. J.  XI,  p.  113).  Neverthe- 
less, the  certain  recognition  of  such  an  inequality  would 
constitute  the  most  conclusive  and  unanswerable  element 


in  the  proof;  it  would  establish  the  validity  of  Dr.  Ciiand- 
lek's  hypothesis. 

I  wish  now  to  consider  briefly  this  second  line  of  evi- 
dence,—  that  which  concerns  the  jjrojJer  motion  of  Algol. 
To  anticipate  somewhat,  one  may  venture  the  opinion  that, 
if  there  exists  in  the  proper  motion  of  Algol  a  periodic 
variation  of  the  general  nature  of  that  indicated  by  Dr. 
Chandler's  computations  (A.J.  XI,  nos.  255,  6),  its  coef- 
ficient is  likely  to  be  under  rather  than  over  0".7.  In  view 
of  the  material  at  hand,  the  problem  is  evidently  one  of 
extreme  delicacy.  It  may  be  of  interest,  however,  to  in- 
quire whether  a  more  elaborate  investigation  would  be 
advisable,  and  whether  tliis  star  merits  further  special 
attention  from  meridian  observers. 

In  a  problem  of  such  delicacy  the  mode  of  treatment 
should  be  strictly  that  of  differential  observation.  In 
practice  this  ideal  cannot  be  reached.  Considering  the 
question  in  a  summary  way,  and  concretely  with  reference 
to  this  particular  case,  we  may  proceed  in  any  one  of  the 
following  ways. 

(1)  One  might  apply  to  the  several  observed  positions 
of  (3  Persfi  the  systematic  corrections  of  Dr.  Auwers 
[A.N.  3195,  6),  deducing  others  in  like  manner  for  cata- 
logues not  included  in  his  tables.  This  would  be  practi- 
cally a  comparison  of  the  place  of  Algol  with  those  of  the 
stars  in  a  wide  area  around  it ;  and  much  might  be  said  in 
favor  of  this  method. 

(2)  One  might  select  a  limited  number  of  comparison- 
stars  irrespective  of  any  system  of  corrections,  and  then 
refer  the  catalogue-places  of  p'/Vr.sei  to  them,  virtually 
deriving  from  each  catalogue  values  of  /la  and  J8 
from  each  comparison-star.  This  method  requires  for  its 
perfection  that  each  catalogue  should  contain  each  com- 
parison-star with  practically  uniform  weight  of  observation, 
a  condition  by  no  means  realized  in  this  instance. 

(3)  One  might  seek  to  avoid  this  diiSculty  by  comput- 
ing positions  for  each  of  the  comparison-stars  in  closest 
possible  conformity  with  the  s3-stem  of  the  Fundamental- 
Catalog  as  now  defined  by  the  tables  of  Dr.  Auwebs.     The 

(49) 
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omission  of  one  or  more  of  these  stars  from  a  given  cata- 
logue would  then  be  of  less  serious  consequence. 

I  have  used  a  combination  of  methods  (1)  and  (3).  The 
comi)arison-stais  are  the  13  selected  by  Dr.  Chandi-ek 
(see  A.J.  Vol.  XL  nos.  25.-..  G  and  VJS.  XX 1 X,  p.  £  15).  For 
the  jiositious  of  these,  referred  to  the  system  of  Dr.  Ai'WEKs, 
1  ailopt  the  results  fouml  by  Dr.  U.u'schinc.eu  {VJS. 
XXIX,  J).  L'15)  with  two  exceptions  presently  to  be  noted. 
In  his  discussion  I  think  Dr.  HAvsciiiN(iKit  overrates  the 
relative  weijjlit  wliieh  should  attach  to  the  older  catalogues, 
especially  in  the  case  of  Hkadi.ey.  This  does  not  hapj.en 
to  be  productive  of  evil  conse([uences  in  any  marked  de- 
gree, except  in  the  right-ascensions  of  f(  Tridin/iill  and 
■/  Persei,  for  which  I  j.refer  the  values  here  set  forth,  to 
gether  with  the  consequent  corrections  of  Dr.  Bausciuno- 
er's  values  at  tlie  epochs  noted. 

Correction 
a    1S75.0  /i  17.55  1000 

h        III       a  «  s  »     _ 

(i  Tna,if/ii/l     2     2     CAV.U      +0.0099  +0.198      -0.07< 

Y  Pers/l  2  55  •45.240     -0.0007         -0.078     +0.038 

Tliese  represent  much  better  the  observations  since 
15kai)I.kv's  time. 

The  systematic  corrections  for  ^Persei  will  now  be  de- 
i-ived  from  these  comparison-stars,  where  tlie  given  cata- 
logue contains  more  tliau  eight  of  them.  This  amounts  to 
differentiating  the  place  of  At;/ol  from  these  comparison- 
stars.  At  the  same  time  the  systematic  corrections,  thus 
derived,  are  in  substantial  conformity  with  those  which 
might  have  been  taken  from  the  tables  of  Dr.  Ai  weks 
already  cited.  Therefore,  when  the  number  of  the  com- 
parison-stars contained  in  a  given  catalogue  was  less  than 
eight,  and  especially  when  the  distribution  of  them  about 
^Persri  was  unsymmetrical,  I  have  thought  it  to  be  much 
safer  to  give  some  weight  to  the  corrections  derived  from 
the  general  tables  of  Dr.  Aitweks  ;  but,  at  the  same  time,  I 
have  considered  the  deduced  result  entitled  to  a  diminished 
weight,  on  account  of  the  departure  from  strictly  differ- 
ential treatmebt.  Requirements  of  space  ])ermit  me  simply 
to  say,  that  uniform  empirical  rules  for  effecting  this  com- 
bination of  systematic  corrections,  and  for  assigning  the 
diminished  ratio  of  weights  were  fully  settled  upon  in 
atlvance  of  computation.  In  a  problem  of  this  kind  uni- 
.  formity  of  practice  is  of  the  most  vital  consequence. 

In  order  to  save  labor  in  carrying  out  this  plan,  I  have 
made  use  of  Dr.  Bauschinger's  tables  ( VJS.  XXIX, 
pp.  216-220)  for  the  separate  catalogues.  It  might  have 
been  desirable  to  revise  these  in  several  instances ;  but  for 
the  sake  of  economy  in  labor  I  have  undertaken  such  re- 
vision only  in  case  of  the  Pulkowa  right-ascensions  for 
1805.  This  is  specially  desirable,  owing  to  the  great 
weight  of  that  catalogue;  because  the  observations  were 
made  partly  by  the  "eye-and-ear"  method  "O,"  and  partly 
by  the  chronograph  method,  "  R " ;  and  because  the  star 


was  also  oljserved  in  both  ways  below  the  pole,  "(L.C.)O," 
and  "(L.C.)  K,'"  tlioiigli  at  a  zenith  distance  of  80°.  Accord- 
ingly 1  have  constructed  t(i\ir  tables  for  Tulkowa  1S(;5,  in 
substantial  conformity  witli  tliosf  of  Dr.  Uaisi  minukk. 
The  lower  line  of  means  gives  the  date  and  tlic  adopted 
systematic  correction  for  each  grouj),  from  whicli,  witli  a 
slight  correction  to  remove  the  effect  of  adopted  iiio]Mr 
nu)tion  so  as  to  refer  the  places  to  the  adopted  dates,  the 
seconds  of  right-ascension,  as  they  appear  in  the  tables  for 
|iJ  Persei  later  on,  are  derived. 

CORKECTIONS    IX    R.A.    FOR    Pl'LKOWA    1  S()5. 
O  n  (I-.C.)O  (L.C)R 

,     Obs.  Wt.    Corr.     Ob8.  Wl.    Corr.    Ob».  Wt.    Corr.      Obs.  Wt.     Corr. 

1  15     5.0  +o!oOli     11    4  —0.021     6    2.5  —Om~     l:!    4.5  —0.015 

2  5  2.0  +0.055  1"  5  —0.009 

3  2  1.0  —0.0:57  1!)  5  —0.029  3    1.5  — 0.12.S     17    5.     —0.024 

4  6  2.5  —0.017  17  5  —0.013 

5  1  0.5  —0.018  17  5       0.000  3    1.5  —0.021      US    5.     —0.026 
(S  3  ].,-,  —0.003  19  5  +0.(X)6  3    1.5  —0.100     10    5.     —0.038 

7  31     5.0  —0.012     3S    5  —0.007     4    2.0  —0.015     15    5.     —0.021 

8  6     2.5  —0.013     15    5  —0.029     3    1.5  —0.004     20    5.     —0.018 

9  3     1.5  —0.020     12    5  +0.003     2    1.0  -0.007      2    1.     — 0.()S3 

10  18     5.0  —0.023     30    5  —0.008 

11  6     2.5  — 0.0O7     18    5  +0.002 

12  3     1.5  —0.040     19    5  —0.013 

13  4    2.0  — 0.0(iO     18    5  —0.011   

Mean  (1861)  —0.011  (1860) —0.010  (1802)  —0.0.55  (1871)  —0.026 
I  have  also  deduced  systematic  corrections  for  Green- 
wich 1891,  for  which  Dr.  Bauschinger  gives  no  table.  In 
R.A.  this  is  important,  since  from  7  observations  of  4  com- 
parison-stars the  correction  is  +0'.057,  and  from  38  obser- 
vations of  13  stars  («  =  3"  8"',  8  =  +37°)  it  is  found  to  be 
+  0*.054  (adopted).  I?r.  .^rwEiss  finds  about  +0'.04  at  tliis 
position  for  the  later  Greenwich  Catalogues.  I  have  also 
transferred  the  results  for  Cambridge  (Challis),  Edinburgh, 
and  Washington,  1 885,  from  Dr.  Chanki.kk's  tables  (.(.-/. 
XI,  pp.  114,  5),  though  these  are  relatively  unimportant  in 
tlieir  influence  upon  the  result.  Furthermore,  I  have  added 
the  special  determinations  made  at  Cambi-idge,  Mass.,  by 
Mr.  Searle  in  1893  {II. CO.  Anna/s  XXlXj  and  at  Albany 
in  1895  (A.J.  no.  342),  referring  each  to  the  adopted  places 
of  the  comparison-stars. 

Referring  to  Mr.  Searle's  table  V  {Ann.  7/. CO.,  XXIX, 
p.  196),  it  will  be  seen  that  his  directly  deduced  corrections 
to  the  right-ascension  of  p' Pc/vsy/  in  the  BerVnier  Jnhrhurh 
for  1893.0  are:  0».(>(),  +0'.(»4,  +0".(l7,  +0".(»4,  +()M3, 
+0*08,  +0M1,  +0M2,  +(»".09  and  +0».()1.  Rejecting  the 
R.A.  of  Algol  in  determining  Jt  +  m  for  computing  its 
own  place,  the  mean  of  these  becomes  +0'.(I74.  After 
supplementary  treatment  Mr.  Seahi.e  arrives  at  +()".1<I5 
for  this  quantity ;  but  his  correction  for  magnitude-error 
which  is  responsible  for  the  greater  jiart  of  this  increase, 
appears  questionable,  in  view  of  the  indirect  and  altogether 
insufficient  evidence  upon  which  it  is  founded.  The  glass 
reticule  in  use  at  Cambridge  may  well  be  a  source  of  errors 
and  anomalies  in  transit-observations,  but  the  effect  of  this 
in  work  which  is  almost  rigorously  differential,  as  in  tlie 
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present  instance,  ought  to  be  practically  limited  to  a  possi- 
ble increase  in  the  ])robable  error  of  observation.  In  what 
follows,  I  shall  consider  the  Cambridge  observations  to  be 
fairly  entitled  to  receive  the  relative  weiglit  finally  assigned 
to  them  in  the  discussion. 

The  tables  for  (il'ar.sei,  which  follow,  exliibit  for  1875.0 
the  corrected  seconds  of  R.A.  and  Decl.  derived  in  tlie 
manner  already  indicated.  Tlieso  differ  in  many  instances 
from  those  deduced  by  Dr.  ISausciiingkr  from  practically 
the  same  basis.  One  reason  for  this  is  found  in  the  fact 
that  Dr.  Bauschingek  sometimes  neglet^ted  important  cor- 
rections which  would  naturally  follow  from  liis  tables.  For 
examjile,  well-determined  corrections  of  —  0".00S  for  Pul- 
kowa,  1865,  -O'.OIO  for  Rogers,  1875,  +0".015  for  Wash- 
burn, 1889,  +0'.054  for  Greenwich,  1891,  and  others  of 
like  nature,  are  ignored,  while  others  of  a  similar  character 
and  under  precisely  similar  circumstances  are  adopted. 
The  adopted  corrections  of  — 0'.044  for  Konigsberg,  1820, 
and  of  +0'.038  for  Camb.-Airy,  1834,  each  depending  upon 
only  four  comparison-stars,  seem  to  be  of  doubtful  proj^riety 
in  view  of  other  rejections.  Tlie  general  effect  of  the 
omissions  has  been  to  obscure  the  evidence  of  orbital  motion. 

The  weights  adopted  in  the  present  discussion  are  often 
estimates  only.  This  part  of  the  work  also  deserves  much 
more  thorough  treatment  than  I  was  able  to  give  it  in  this 
preliminary  survey.  In  some  instances,  however,  and  es- 
pecially in  declination,  the  weights  are  more  carefully  de- 
duced, the  prescribed  mean  error  of  the  unit  of  weight  hav- 
ing been  taken  as  ±0'.055  in  R.A.  and  ±0".60  in  Decl.  In 
assigning  the  weights,  regard  was  had  to  the  uncertainty  of 
,  the  systematic  corrections,  as  I  have  already  stated. 

From  the  meridian  observations  of  any  star  it  wo\ild,  of 
course,  be  possible  to  dedvice  jieriodic  terms  in  the  proper 
motion ;  but,  in  case  these  terms  have  no  foundation  in  fact, 
we  should  expect  the  coefficients  to  be  of  the  same  general 
order  of  magnitude  as  tlieir  probable  errors.  Esjiecially 
should  we  expect  this  to  be  true,  if  the  duration  of  the 
period  be  assigned  from  considerations  unconnected  with 
the  observations  from  which  the  periodic  terms  are  to  be 
derived.  This  prescription  is  imposed  in  the  present  prob- 
lem. The  definite  question  is,  whether  Dr.  Chandlek's 
period  of  130.91  years,  clearly  indicated  in  the  observations 
of  Alijol  as  a  variable  star,  does  or  does  not  find  consistent 
support  from  the  meridian  observations.  It  will  be  practi- 
cally necessary  to  assume  that  the  center  of  gravity  of  the 
hypothetical  orbit  of  AlgolWes  at  the  center  of  the  projected 
apparent  ellipse.  This  is  equivalent  to  the  supposition 
that  motion  in  the  real  orbit  is  circular  and  uniform.  Thus 
the  uniform  yearly  motion,  fx",  in  mean  anomaly,  M,  will  be 
2°. 75 ;  and  this  is  the  foundation  and  only  limitation  of 
our  working  hypothesis.  Such  sujiposed  orbital  motion 
will  give  rise  to  terms,  in  each  coordinate,  of  the  form 
X  sin/'  {T  -  V)  +  y  cos  /'  (T  -  T') 


in  which  T'  is  any  fixed  epoch  and  x  and  y  are  constants  to 
be  determined  from  observation.  For  convenience,  let  us 
take  T'  =  1865.0. 

Column  I,  in  each  of  tlie  subjoined  tables,  exhibits  tlie 
deviations  (observed  — comjiuted),  on  the  respective  dates, 
luuler  tlu',  assumption  that  the  proper  motion  is  rectilinear. 
Column  T[  shows  the  corresponding  differences  under  the 

otlierwise  unrestricted  assumption  that  a  part  of  the  jjroper 
motion  in  each  coordinate  depends  upon  sine  and  cosine 
terms  having  a  period  of  130.91  years. 

fi  Pt'/'se/— Right- Ascension,  1875.0. 

No.                  K.A.  O-C 

Epoch     Obs.     Wt.  .Seconds  1                  II 

Bradley               1754        9     0.5     2JJ60  +0^004     +o!oi3 

Piazzi                    1804      28     0.5     2.428  -0.161      -0.200 

Groombridge       1810        3     0.3     2.876  +0.295      +0.259 

Bes.sel                  1820      38     3.2     2.608  +0.039     +0.013 

Struve                 1824       7     2.5     2.618  +0.056     +0.035 

Pond                     1831        8     1.0     2.523  -0.029     -0.041 

Airy                      1834        4     0.6     2.562  +0.014      +0.006 

Taylor                 1835       9     1.0     2.503  -0.044     -0.051 

Armagh  I            1837        5     0.5     2.411  -0.133     -0.137 

Radcliffe  I          1845        5     1.6     2.500  -0.033     -0.029 

Paris  I                 1846    138     4.0     2.538  +0.006     +0.011 

Greenwich           1846        3     0.8     2.508  -0.024      -0.019 

Pulkowa              1847      41     6.0     2.521  -O.OIO     -0.003 

Yariiall                 1850        9     1.0     2.575  +0.048      +0.057 

Greenwich           1851        7     1.2     2.501  -0.024     -0.015 

Radcliffe  II        1857        5     0.6     2.473  -0.(i44     -0.033 

Greenwich          1860        3     0.9     2.436  -0.077     -0.065 

Paris  II               1861    170     4.0     2.517  +0.005     +O.017 

Pulkowa  O          1861        5     2.0     2.482  -0.030     -0.018 

Pulk.  (L.C.)O     1862       3     1.0     2.519  +O.0O9     +0.020 

Greenwich           1864      12     3.5     2.503  —0.005      +0.007 

Brussels              1865       3     0.8     2.487  -0.019     -O.008 

Camb.-Saff.         1865      19     3.2     2.517  +0.011     +0.022 

Bonn                     1866        8     0.8     2.518  +0.013      +0.024 

Pulkowa  R          1866      16     6.0     2.511  +0.006     +0.017 

Leipsic                1867        9     1.0     2.437  -0.067     -0.057 

Pulk.(L.C.)R     1871      14     1.5     2.544  +0.046     +0.054 

Greenwich           1873        5     2.0     2.493  -0.003     +0.004 

Paris  III              1875      36     3.0     2.467  -0.026      -0.022 

Camb.-Rogers    1875      53     6.0     2.491  -0.0(»2     +0.002 

Berlin-Romb.     1875      14     4.0     2.452  -0.041      -0.037 

Pulk.-Romb.       1876      22     5.0     2.493  +0.002     +0.005 

Greenwich          1881        6     2.0     2.479  -0.006     -0.009 

Paris  IV              1883      19     1.5     2.455  -0.027     -0.032 

Washington        1885        7     1.0     2.490  +0.011     +0.002 

Washburn            1889      10     4.0     2.480  +0.006     -0.008 

Greenwich          1891        4     1.3     2.543  +0.072     +0.054 

Camb.-Searle      1893      10     3.0     2.524  +0.056     +0.035 

Albany                 1895        8     4.0     2.470  +0.004     -0.020 


^ 

Pe/'se/— Declination,  1875 

Xo.                   Decl. 
Epoch     Obs.    Wt.    Seconds 

.0. 

0- 

I 

-C 
II 

Bradley 

Mayer 

Piazzi 

1754  4     0.5     19.12 

1755  4     0.2     20.91 
1803         6     0.4     20.53 

-1.64 
+  0.15 
—  0.12 

-0.39 
+  1.39 
—  0.16 

Groombridge  1810       12     1.0     20.95     +0.31     +0.19 
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Bessel 

Struve 

roiul 

Airv 

Tavlor    * 

Cliallis 

Annagli  I 

Cliallis 

Challis 

Greeiiwicli 

Bessel 

Heiulerson 

l'\ilk(iwa 

tJreeiiwieh 

Kadolifte  I 

Paris  I 

Greenwich 

Challis 

Ea.leliffe  II 

Greenwieh 

Paris  II 

Brussels 

Yarnall 

Greenwich 

Bonn 

Leipsic 


Epoch 

1821 
1824 
1831 
1834 
1S3.-. 

18;?: 

18;!8 
1838 
184(1 
1840 
1840 
1842 
184.") 
184r) 
184(> 
1847 
18:.l 

i8r.i 

1859 
1800 
1862 
1862 
1803 

18(;.') 
hsoo 

1807 


No. 
Obs. 

23 

I 

12 

O 

17 

14 

8 

0 

10 

10 

20 

t 

o 

3 
4 

128 
4 
2 

4 

3 

84 

2 

4 
II 

S 

y 


Wt. 

2.0 
2.5 

i.r> 

O.o 
0.5 
1.0 
0.5 
0.8 
1.0 
2.0 
1.5 
1.5 
1.5 
1.0 
0.6 
3.6 
1.0 
0.5 
0.5 
1.2 
5.0 
0.5 

0.8 

.■;.o 

1.0 
1.0 


Dccl. 
Sei'omls 

20.55 
2l».58 
21.74 
20.03 
20.04 
20.44 
20.31 
21.28 
20.08 
20.07 
21.33 
21.02 
20.(;i 
21.58 
20.33 
20.08 
20.51 
21.78 
li).43 
20.30 
20.50 
20.40 
10.71 
20.07 
21.20 
20.07 


o— c 


I 


II 


-0.00 

—  0.02 
+  1.15 
-0.55 
-0.54 
-0.14 

—  0.20 
+  0.71 
+  0.41 
+  0.10 
+  0.76 
+  0.45 
+  0.05 
+  1.02 
-0.23 

—  0.48 

—  0.04 
+  1.23 
-1.10 
-0.17 
+  0.07 

—  0.03 
-0.81 
-0.45 
+  0.78 
-0.44 


—0.30 
-0.27 
+0.03 

—  0.75 

—  0.73 
-(t.31 
-0.42 
+  0.55 
+  0.27 
-0.04 
+0.02 
+0.34 
-0.03 
+  0.00 

—  0.29 
-0.53 

—  0.04 
+  1.23 

—  1.02 

—  0.08 
+  0.17 
+  0.(»7 
-0.71 
-0.33 
+  0.80 
-0  32 


Leiden 

I'ulkowa 

Greenwich 

Paris  III 

Canili.-Kogers 

Pulk.-Konib. 

Greenwich 

Paris  IV 

Piilkowa 

Wasliiiiittnii 

Washburn 

Greenwich 

Camb.-Searle 

Albany 


Kpocli 

1870 
1873 
1873 
1875 
1875 
]S7() 
1870 
1.S,S3 
1,S85 
I.S,S5 
1 S80 
1801 
1803 
1805 


No. 

Obs. 

10 
4 

10 
30 
40 
10 
13 
21 

;> 

0 
12 

4 
10 

8 


wt. 

2.0 
3.0 
3.0 
4.0 
5.0 
4.0 
4.0 
2.0 

0.0 
1.0 

5.0 
1.5 
3.0 
5.0 


Decl. 
Soeonils 

20.48 
20.20 
20.43 
20.09 
20.18 
20.57 
20.70 
20.55 
20.52 
20.37 
20.33 
20.56 
20.70 
20.02 


O— C 


I 


II 


—  0.02 
-0.21 

—  0.07 

—  0.40 
-0.31 
+  0.08 
+  (t.30 
+  0.07 
+  0.05 

—  0.10 
-0.13 
+  0.10 

+  0.30 
+  0.17 


+  0.10 
—0.09 
+0.05 

—  0.29 
-0.20 
+0.19 
+  0.39 
+  0.11 
+  0.00 

—  0.09 
-0.19 
+  0.01 
+  0.17 
-0.02 


The  solution  of  the  conditional  equations  constructed  in 
accordance  with  the  two  hypotheses  has  been  rigorous. 
Sujipo-sing  rectilinear  motion  to  represent  the  observations, 
we  have  for  1875.0: 

«  =     3"     0™   2- .493     -0- .00135  (r-1875) 
d  =  40°  28'  20".49       — 0".0022    (T- 1875). 

The  probable  errors  of  the  units  of  weight  are  ±0".037 
and  ±0".37  respectively. 

Under  the  second  supposition,  involving  periodic  terms 
in  the  expression  for  proper  motion,  we  have  for  1875.0 : 


3"  0™  2».513     -0'.00122(r-1875)      +0-.0040  sin 2°. 75  (r-1865)  -0-.0301  cos2°.75  (r-186'5) 

±0'.008      ±0'.00036  ±0\0109  ±0'.0098 

-0".287  sin  2°.75  (^-1865)  -0".346  cos  2°.75  (T-1865) 

±0".093  ±0".097 


8  =  40°  28'  20".83     +0".0072  (T-1875) 
±0".07     ±0".0030 


The  respective  probable  errors  of  the  units  of  weight 
are  ±0'.036  and  ±0".35,  the  sums  of  the  squares  of 
residuals  having  been  reduced  from  0*.1131  to  O".0955 
in  E.A.  and  from  13".021  to  10".674  in  declination.  Tak- 
ing the  epoch  for  the  mean  anomaly,  J/,  at  1865 

[J/ =2°.75(  T-1865)], 
the  periodic  terms  may  be  reduced  to  the  more  convenient 

form 

for  a  for  8 

0".348  sin  (3I+278°.7) ;       0".449  sin  (jW+230°.3) 


±0".113 


±20°.6       ±0".096 


±12M 


In  right-ascension  the  coefficient  of  the  inequality  is 
three  times  its  probable  error;  and  in  declination,  it  is 
more  than  four  times  the  probable  error.  Leaving  entirely 
out  of  the  account  considerations  based  upon  the  behavior 
of  Al;/ol  as  a  variable  star,  the  degree  of  mathematical 
probability  in  favor  of  the  assumption,  that  the  foregoing 
results  represent  an  actual  inequality  in  the  proper  motion, 
must  beset  over  against  the  «/>?■/«(•('  presumption  against 
the  reality  of  variable  proper  motion  for  au^'  given  star. 
The  discussion  .of  this  point  in  the  present  state  of  our 
knowledge  could  lead  to  no  precise  result.  Taking  the  re- 
sult of  this  computation  apart  from  any  other  considera- 


tion I  venture  the  opinion,  however,  that  there  is  a  prepon- 
derance of  probability  in  favor  of  the  real  existence  of  a 
periodic  element  in  the  proper  motion  of  A/(/oL  Were  this 
star  of  the  fourth  magnitude  instead  of  the  second,  I  should 
not  hesitate  to  say  that  this  preponderance  is  large. 

Let  us  now  consider  the  foregoing  numerical  results  in 
connection  with  the  observations  of  Altjol  as  a  variable 
star.  Supposing  the  periodic  terms  to  be  real,  they  indicate 
that  the  apparent  motion  of  the  star  is  an  ellipse.  The 
position-angle  of  the  northern  end  of  the  major  axis  is  34°; 
the  semi-axis  major  is  0".522  ±0".103,  and  the  semi-minor, 
0".224;  the  inclination  of  the  real  orbit  to  our  line  Of  sight 
under  the  hypothesis  of  circular  motion  is  23°.  Under  the 
fundamental  hypothesis,  A/f/ol  would  have  passed  through 
the  plane  perpendicular  to  the  line  of  sight  at  the  center 
of  gravitj'  of  the  hypothetical  system  in  1808  ±4^5.  Dr. 
Chandler  finds  for  this  date  1804  (A.J.  XI,  p.l24).  Con- 
sulting Dr.  Chaxdlek's  table  (.I.J.  XI,  p.l21,  col.  "0  "), 
in  order  to  have  the  testimony  of  the  variable-star  observa- 
tions alone,  it  will  be  seen  that,  under  the  hyjjothesis.  this 
date  must  be  somewhere  between  limits  of  about  1802  to 
1812,  and  apparently  very  near  1807.  The  coincidence 
of  these  dates  computed  from  two  entirely  distinct  sources 
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of  evidence  (except  for  the  assumption  of  the  period  130.91 
years  in  common)  appears  to  me  as  significant  as  it  certainly 
was  unforeseen.  We  may  summarize  the  state  of  the  case 
tlius.  Tlie  foregoing  computation  indicates  that  Algol  re- 
volves in  an  orbit  of  whicli  the  maximum  oalovdated  radius 
is  five  times  its  probable  error;  and  the  same  computation 
indicates  that  the  star  passed  the  major  axis  of  the  apparent 
orbit  within  3  or  4  years  from  the  most  probable  date 
derived  from  the  observations  oi  Algol  as  a  variable  star. 

The  probability  in  favor  of  Dr.  Chandler's  hypothesis 
seems  to  me  at  least  great  enough  to  justify  a  much  more 


thorough  discussion  of  the  meridian  observations  than  has 
yet  been  produced.  It  seems  to  me  also  very  desirable 
that  several  observers  should  give  special  attention  to  this 
star  upon  the  plan  of  differential  observation  from  the  13 
selected  comparison-stars.  Fifty  observations  by  five  dif- 
ferent observers,  would  probably  be  niore  valuable  than 
twice  as  many  by  a  single  observer,  other  things  being  equal. 
If  the  hypothesis  be  true,  the  apparent  orbital  nujtion  of 
Algol  is  now  little  less  than  its  miiximum.  and  will  so  con- 
tinue to  be  for  nearly  25  years.  It  would  be  possible  to 
Settle  the  matter  beyond  a  doubt  within  tliat  time. 


THE    PAEALLAX 


OF     rj  CA8ST0PEAE,  DEDUCED    FROM    RUTHEKFUUD 

PHOTOGRAPHIC  me:asures, 

By  IIEIiMAN  S.   DAVIS. 


Comp. 
Star 

Helsiriijfors 

and  C4otlia 

A.G.C. 

Jlagiii- 
tude 

Approximate  Position  referred  to 

ri  Cassiopeae 

Distance           Position-Angle 

a 
h 

658 
639 

8.9 

8.8 

1316 
1148 

3 
203 

23 
36 

c 
d 

687 
621 

8.2 
8.8 

3416 
2100 

15 
210 

24 
47 

e 
f 

713 
609 

9.0 

8.4 

1820 
1708 

113 
295 

34 
43 

,7 
h 

730 
607 

7.5 
9.0 

30,"')2 

2828 

13() 
325 

10 
19 

I 
J 

665 
649 

7.1 

8.8 

2744 
2604 

175 
357 

IS 
59 

k 
I 

659 
663 

8.8 
8.3 

2156 
1848 

2 
174 

53 
28 

*  The  Parallaxes  of  ix  and  0  Cassiopeae,  deduced  from  Butherfurd 
Photoi/raphic  Measures,  by  Harold  Jacodv.  Annals  N.  Y.  Acad- 
emy of  Sciences,  Vol.  VIII,  pages  1-23. 


[Communicated  by  J. 

In  1870,  '71,  '72  and  '73,  twenty-seven  negatives  of  the 
stars  about  /;  Cassiopeae  were  taken  by  Ruthkrfukd. 
The  measures  of  these  jilates  were  recently  placed  in  the 
writer's  hands  by  Professor  J.  K.  Rees,  to  be  reduced  for 
parallax.  The  conditions  of  exposure,  and  indeed  even  the 
dates,  as  well  as  also  the  methods  of  measurement  and  of 
reduction  are  almost  identical  with  those  of  /x  and  0  Cassi- 
opeae already  reduced  *  for  parallax  by  Professor  Harold 
Jacoby  ;  hence  reference  to  his  paper  will  make  clear  the 
plan  followed. 

In  view  of  the  great  difficulty  of  getting  comparison-stars 
suitably  situated,  either  with  respect  to  position-angle  or 
distance,  I  decided  to  take  a  larger  number  than  is  usital, 
and  have  consequently  reduced  six  pairs — being  all  that 
were  impressed  on  the  plates  sufficiently  often  in  both 
seasons  of  the  year.  Every  observation  and  every  plate 
was  used.     The  comparison-stars  used  are : 


K.  Reks,  Director.] 

The  separate  results  are 
Comparison 


Parallax. 


Probable 
Probable  error  of 

error.  Weight.      onee<)nation. 


pair. 

a  and  h  -fO.349  ±0.086  21.7800  -i-0.40;! 

r          <l  +   .3.S5  ±    .0S4  28.11724  ±    .362 

e         f  +    .568  ±    .056  29.6264  ±    .305 

g         'h  +   .662  ±    .078  8.2443  ±    .274 

i         J  +   .660  ±    .1.38  6.1457  ±    .342 

/,:          /  +   .297  ±    .155  6.1365  ±    .384 

Only  the  first  three  of  these  pairs  are  so  situated  with 
reference  to  the  parallactic  ellipse  as  to  give  good  parallax- 
coefficients.     From  these  three  we  get,  by  weight, 

,r  =    +0".443      ±0".043 
or  =    +0".465     ±0".044 

by  the  combination  of  all  six  pairs.  Thi.s  ])aral]ax  cor- 
responds approximately  to  a  distance  of  t^  Cassiopeae  from 
the  earth  of  43113000  000000  miles,  or  sevenand  one-third 
light-years.  Using  Gkuber's  values  of  the  orbital  elements 
the  mass  of  the  combined  system  is  two-tenths  as  great  as 
that  of  the  sun  and  the  distance  between  the  components 
is  nineteen  astronomical  units  — their  relative  orbit  lieing 
therefore  about  the  same  size  as  that  of    Uranus. 

Considering  the  difficulties  that  beset  the  investigation 
of  the  parallax  of  this  star  and  the  probability  that  all 
previous  determinations  have  been  made  with  a  single  com- 
parison-star (DM.  57°155)  which  itself  may  have  a  parallax  ; 
considering  also  the  discrepant  and  confessedly  unsatisfac- 
tory results*  of  other  observers,  it  woidd  seem  that  the  re- 
sult here  given  is  not  improbably  large,  if  the  Rutiierfi'kd 
Ijlates  are  subject  to  no  systematic  error. 

*  B  allet  in  ph  ijalco-iiiathematique  de  VAcademie  de  Saint  Petemhourg, 
Vol.  xiv,  p.  228.  Annales  de  I' Observatoire  de  ilfoscOM  Vol.  viii. 
part  ii,  p.  80. 
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OBSERVATIONS  OF  arJJh'SKl   WITH     TllK    .MKIMDIAN    ClUCLE    OF    llAliVAKD 

CO LLEG  E   0 1  iS  I-:  1 JA' ATOKY, 

Bv  AUTHUH  SEARLK. 
[ConimuniciiUMi  by  I'rofpssor  E.  C.  ricKEKlso,  Diroctor  of  Ihe  Observatory.] 


The  first  series  of  these  observations  was  made  during 
December.  1S92,  and  January,  1893,  and  was  published  in 
Volume  XXIX  of  the  Annals  of  the  Observatory.  A 
second  series  of  observations  was  made  in  December,  1893, 
and  January,  1894.  It  has  not  yet  been  fully  prepared 
for  publication;  but.  so  fur  as  p'/V/-.s-ci' itself  is  concerned. 
there  is  little  reason  to  think  that  any  material  change  will 
be  made  in  the  provisional  results  already  obtained.  These 
results  give,  for  the  correction  to  the  Berlin  J<ihrhui-h,  in 


right-aseension,  +0'.0L'7,  with  the  ])robabk'  error  ±0".012; 
in  declination,  — 0".1(>,  with  tlic  ])r()babh'  error  ±0".l(i. 
This  second  series  of  observations  does  not  contirin  the 
hypothesis  of  a  consideralile  ])ersonal  ecpiation  dcpciulent 
ou  stellar  magnitude,  which  was  suggested  by  tlic  first 
series.  AVithout  any  correction  for  an  error  of  this  kind, 
the  mean  of  the  two  series  would  give  corrections  to  the 
Berlin  Jahrhuch  of  +()'.05()  and  -0".L'0. 


RESEAKCIIES   OX   THE   ORBIT   OF   r,  CASSIOPEAE  =  im, 

I5v  T.  J.  J.  SEE. 


The  double  star  /;  Cassiopeite  was  discovered  August  17, 
1779,  by  Sir  Wili,i.\m  Hekschel,  who  found  the  distance 
to  be  11".09,  and  estimated  the  angle  approximately  at  70°. 
At  the  epoch  1780.52  Hekschel  made  the  distance  11".46, 
but  did  not  measure  the  angle  of  position  until  1782.45, 
when  he  found  it  to  be  62°. 07.  Hekschel  observed  the 
angle  to  be  70°.8,  in  1803,  but  made  no  measure  of  the  dis- 
tance. The  earliest  observation  of  both  angle  and  distance 
is  a  rough  measure  by  Bessel,  in  1814;  and  altliough  his 
angle  is  nearly  correct,  it  is  evident  from  the  subsequent 
work  of  Stkuve  that  the  distance  is  considerably  too  small. 
Since  the  time  of  Stkuve  /;  Cassiopeae  has  been  followed 
bv  nearly  all  of  the  best  observers ;  so  tliat  we  have  good 
material  upon  which  to  base  an  orbit  which  seems  likely  to 
be  substantially  correct. 


Having  collected  all  the  published  observations  from  origi- 
nal soui'ces,  I  have  formed  for  each  year  a  mean  position 
which  is  the  arithmetic  mean  of  the  mean  results  obtained 
by  tlie  best  observers.  In  accordance  with  the  experience 
of  Stkuve,  Otto  Stkuve,  Dembowski,  and  Buknham, 
these  yearly  means  maj'  be  held  to  furnish  tlie  surest  basis 
for  the  elements  of  an  orbit.  Although  the  observations 
of  T/  Cassiopeae  do  not  suffice  to  fix  all  the  elements  so  well 
as  might  be  desired,  yet  it  appears  that  the  range  of  un- 
certaintj'  is  comparatively  unimportant,  except  in  case  of 
the  periodic  time,  wliich  may  possibly  differ  several  years 
from  the  value  here  derived.  Some  of  the  other  orbits 
found  for  ij  Cassiopeae  are  indicated  by  tlie  following  Table 
of  Elements : 


p 

T 

e 

a 

« 

t 

A 

Authority 

Source 

yre. 

181 

1896.0 

0.77083 

10'.335 

25°55 

57.98 

243°65 

Powell 

J/.A''.,vol.  XXI,  p.66 

176.37 

1924.78 

0.6268 

10.68 

50.80 

68.5 

245.9 

Duner 

]^Ies.  Micro.,  p.  166 

222.435 

1909.24 

0.5763 

9.83 

39.95 

53.83 

223.33 

Doberck 

A.N.  2091 

195.235 

1901.25 

0.6244 

8.639 

33.33 

48.3 

229.45 

Griiber 

A.N.2in 

167.4 

1904.0 

0.622 

8.702 

41.02 

52.09 

233.1 

Coit 

il/.A'.,vol.XLII.p.359 

208.1 

llHtS.O 

0.500 

8.45 

47.1 

47.6 

214.2 

Lewis 

M.X.,  vol.  LY,  p.  20 

By  the  method  of  Klixkeefces  we  find  the  following 
elements  of  r^  Cassiopeae : 

r  =    190.50  years. 
T  =    1906.12 
e   =   0..547 
a   =   8".2047 
Si   =   43°.0 
*■  =  46°.08 
;.  =   222°.02 
n   =    +1°.88976 


Apparent  orbit : 


Length  of  major  axis 
Length  of  minor  axis 
Angle  of  major  axis 
Angle  of  I'eriastron 
Distance  of  star  from  center 


15".46 
10".04 
54°.8 
255°.0 
3".94 


The  comparison  of  these  elements  with  tlie  observations 
discloses  the  existence  of  sensible  systematic  errors  in 
some  of  the  measures ;    and  although  both  angles  and  dis- 
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tauoes  are  ciccasionally  tlnis  aifeotod,  tlie  errors  in  most 
cases  are  relatively  siuall.  The  constancy  ol'  tlie  area! 
velocity  of  tlie  radius  vector  indicates  tliat  the  recent  meas- 
ures of  distance  are  somewliat  too  large,  lint  siicli  an  over 


estaniatrion  ol'  tlie  distance  can  hardly  be  considered  remark- 
able in  case  of  une(iual  stars,  where  the  error  of  observa- 
tion would  l)e  likely  to  increase  as  the  stars  approach.  The 
followini;'  table  shows  the  computed  and  observed  places: 


t 

e. 

Be 

Po 

P" 

do-ec 

Pi,—Pc 

n 

1779.81 

0 

70  ± 

0 
57.5 

11. "09 

11. "33 

+  12^3 

-0.24 

1 

1780.52 

_ 

57.7 

11.46 

11.35 

_ 

+  0.11 

1 

1782.45 

62.1 

59.0 

_ 

11.42 

+  3.1 



1 

1814.10 

78.5 

77.0 

9.70 

10.96 

+   1.5 

-1.26 

1 

182(1.1(1 

81.1 

82.3 

10.68 

10.47 

-   1.2 

+  0.21 

5 

1827.21 

85.6 

85.6 

10.20 

10.14 

0.0 

+  0.06 

1 

I80O.75 

86.2 

88.2 

10.07 

9.86 

-  2.0 

+  0.21 

5 

I80I.75 

88.7 

89.0 

9.69 

9.78 

-   0.3 

—  0.09 

1 

1832.46 

88.1 

89.4 

•9.76 

9.74 

-   1.3 

+  0.02 

7 

1835.26 

91.2 

91.7 

9.52 

9.50 

-  0.5 

+  0.02 

3 

1836.74 

92.1 

92.9 

9.39 

9.38 

-   0.8 

+  0.01 

4 

1841.57 

97.4 

96,0 

9.35 

9.06 

+   1.4 

+  0.29 

8 

1842.41 

98.3 

97.7 

8.76 

8.87 

+  0.6 

-0.11 

2-1 

1844.56 

100.1 

99.9 

8.48 

8.()5 

+   0.2 

-0.17 

6-5 

1845.44 

101.1 

101.5 

8.44 

8.52 

-   0.4 

—  0.08 

8 

1846.66 

102.5 

102.1 

8.57 

8.44 

+   0.4 

+  0.13 

12 

1847.37 

102.2 

102.8 

8.38 

8.39 

-   0.6 

-0.01 

11-12 

1848.12 

102.5 

103.5 

8.60 

8.33 

-   1.0 

—  0.27 

2-1 

1849.66 

105.0 

105.2 

8.26 

8.16 

-   0.2 

-0.10 

4 

1850.87 

106.4 

106.5 

8.06 

8.07 

-   0.1 

-0.01 

26 

1851.80 

107.8 

107.6 

7.88 

7.94 

■+   0.2 

-0.06 

6 

1852.61 

108.5 

108.6 

7.65 

7.87 

-  0.1 

—  0.22 

7-8 

1853.68 

109.3 

109.9 

7.69 

7.76 

-   0.6 

-0.07 

21-15 

1854.76 

111.5 

111.2 

7.79 

7.66 

+   0.3 

+  0.13 

13 

1855.81 

111.8 

112.5 

7.70 

7.54 

-   0.7 

+  0.1(5 

22-16 

1856.48 

113.4 

11.3.4 

7.37 

7.47 

0.0 

-0.10 

10-9 

1857.34 

114.1 

114.6 

7.32 

•7.38 

-  0.5 

—  O.06 

14 

1858.29 

115.6 

115.8 

7.26 

7.29 

-   0.2 

-0.03 

10 

1859.64 

116.4 

116.3 

7.02 

7.25 

+   0.1 

-0.23 

10-7 

18(50.82 

119.0 

119.4 

7.08 

7.06 

-   0.4 

-0.02 

9-8 

1861.82 

119.2 

120.9 

6.89 

6.97 

-   1.7 

-0.08 

8-7 

1862.78 

120.9 

122.4 

6.92 

6,86 

-   1.5 

+  0.06 

20 

1863.80 

123.4 

124.2 

6.87 

6.74 

-   0.8 

+  0.13 

9 

1864.40 

124.0 

125.0 

6.70 

6.68 

-   1.0 

+  0.02 

13-12 

1865.63 

125.9 

127.1 

6.65 

6.57 

-   1.2 

+  0.08 

17 

1866.60 

129.6 

128.8 

6.60 

6.49 

+   0.8 

+  0.11 

13 

1867.44 

130.2 

130.3 

6.51 

6.42 

-  0.1 

+  0.09 

8 

1868.52 

132.3 

132.3 

6.37 

6.31 

0.0 

+0.06 

12 

1869.84 

134.6 

134.8 

6.18 

6.18 

-   0.2 

0.00 

10 

1870.41 

135.2 

135.9 

6.23 

6.13 

-  0.7 

+  0.10 

17-16 

1871.48 

137.7 

138.0 

6.00 

6.04 

-   0.3 

-0.04 

10-9 

1872.49 

139.5 

140.0 

6.01 

5.96 

-   0.5 

+0.05 

19 

1873.62 

143.2 

142.4 

6.00 

5.87 

+  0.8 

+  0.13 

19-13 

1874.58 

144.6 

144.5 

5.82 

5.79 

+  0.1 

+0.03 

9 

1875.54 

147.4 

146.7 

5.67 

5.71 

+  0.7 

-0.04 

21-19 

1876.70 

149.2 

149.4 

5.52 

5.62 

-   0.2 

-0.10 

13 

1877.73 

151.0 

151.8 

5.62 

5.54 

-  0.8 

-0.08 

11 

1878.77 

154.2 

154.4 

5.42 

5.48 

-  0.2 

-0.06 

11 

1879.59 

159.0 

156.1 

5.39 

5.43 

+  2.9 

-0.04 

15 

1880.37 

160.5 

158.4 

5.29 

5.38 

+  2.1 

-0.09 

12 

1881.46 

162.8 

161.3 

5.22 

5.30 

+  1.5 

-0.08 

11-9 

1882.59 

165.8 

164.2 

5.11 

5.23 

+   1.6 

-0.12 

15-14 

1883.94 

168.8 

168.0 

5.12 

5.15 

+   0.8 

—  0.03 

3 

1885.52 

173.1 

172.5 

5.16 

5.06 

+   0.6 

+0.10 

6 

Observers 


Herschel 

llerschel 

Herscliel 

P)essel 

Struve 

Struve 

Bessel 

Herscliel 

X,  5;  Da.,  2 

Strii  ve 

Struve 

02'.,3;  Miidler,  4;  Da.,  1 

Madler 

Madler 

Minller 

iMiUUer 

Madler,  6-7  ;    02".,  5 

Jacob 

Otto  Struve 

Madler,  15-14;  Madler,  6-7;  Jac.,5 

Miidler,  3  ;    0^.,  3 

Miidler 

Miidler,  5;  Jac.,7;  Madler,  3  ;  Powell,  6 

()l\.-i\  Miidler,  2;  Demb.,7 

Miidl,,  4-3;  Sec,  2;  Pow,9-4;  Demb.,  4;  Mo.,3 
Jac,  4  ;  Miidler,  2-1 ;  Demb.,  4 
Jac.,3;   OX,  2;  Miidler,  5  ;  Demb,,  4 
Jac,  3 ;  Miidler,  4  ;  Demb.,  3 
Miidler,  2-1;  Pow.,  6-4;  Mo.,  2 

02'.,  2;  Pow.,  7-6 

Miidler,  5;  Pow.,  3-2 

Miidler,  8;  Demb.,  12 

Dembowski 

Pow.,  4 -3;  Demb.,  9 

En.,  6;  Demb,,  8  ;  Kn  ,  3 

Oy.,2;  Demb.,7;  Sec,  4 

Searle,  1  ;  Demb.,  7 

Dun.,  5;   02.,  3;  Demb.,  4 

Demb.  6 ;  Dun.,  4 

Pow.,  5-4;   02., 2;  Demb.,7;  Glas.,  3 

Pow.,  2-1;  Demb,,  6;  Glas.,  2 

02'.,  2;  Duu.,7;  Demb.,  6  ;  Kn.,4 

02.,  3;  Demb.,7;  Glas.,  2  ;  W.cSiS.,1;  Mo.,  1 

Dun.,  1;  Demb.,  7;   W.&S.,1 

02-.,  2;  Dun.,  10;  Demb.,7;  Dk.,2 

Demb.,  7  ;  PL,  6 

Demb.,  6  ;  Dk.,  5 

Demb.,  5  ;  Go.,  1  ;  Dk.,  5 

Hall,  7;  Dk.,3;  Fr.,5 

Jed.,  7;  Dk.,  5 

Dk.,2-1;  Jed.,  3-2;  Pr.,  2;  Hall.  4 

Je<l.,3;  Dk.,6-5;  En.,  6 

Hall 

Sea.,  1  ;  Hall,  5 
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( 

tfo 

e. 

Po 

p. 

tfo-tf. 

P«— P. 

n 
20-19 

Observers 

issi;.;". 

176.7 

o 

175.5 

4.85 

5.01 

O 

+  1.2 

-0.16 

En.,  5;  Sea,  3-2;  Hall,  5;  Tar. 

7 

1.SS7..S5 

1S0.6 

177.7 

4.6 

4.97 

+  2.9 

-0.37 

1 

Smith 

1SS.S.66 

1S2.S 

182.9 

4.80 

4.89 

-  0.1 

-0.09 

11 

Sea.,  2;   Maw..  5;   Hall,  4 

1889.48 

18.-..6 

184.3 

4.81 

4.86 

+  1.3 

-0.05 

7 

Sea.,  3;  Hall,  4 

18iHt.71» 

188.4 

188.4 

5.07 

4.81 

0.0 

+0.26 

5 

Hall 

1S'.I1.(;1  . 

191.7 

191.1 

4.90 

4.75 

+  0.6 

+  0.15 

9-7 

See.,  5-4;  Maw.,  4-3 

1892.80 

19(>.;{ 

195.2 

4.8() 

4.69 

+   1.1 

+  0.17 

6 

Com..  3;   Col..  2;   .lo.,  1 

18;)3.;»(» 

197.1 

198.8 

5.00 

4.64 

-  1.7 

+0.36 

2 

Com.,  1  ;   Lov.,  1 

1894.07 

200.9 

199.3 

4.92 

4.62 

+   1.6 

+0.30 

2 

Com.,  1;  Maw.,1 

1895.16 

2()4..S 

203.2 

4.99 

4.54 

+   1.1 

+0.45 

6 

Ho.,  3;  Com.,  3. 

In  the  last  column  of  the  table  we  give  the  abbreviated 
names  of  the  observers  and  the  number  of  nights  ou  which 
the  star  was  measured.  Thus  the  record  (for  1 856.48)  Jac,  4 ; 
Miidl.,  2  — 1;  Demb.,4.  means:  Jacob  on  4  nights  ;  Miidler 
on  2  nights  for  angle,  1  night  for  the  distance ;  Dembowski 
on  4  nights.  Tlie  names  are  :  2"  =  W.  Struve  ;  02"  =  Otto 
Struve  ;  Da.  =  Dawes ;  Madl.  =  M.ldler ;  Jac.  =  Jacob ; 
Derab.  =  Dembowski;  Sec.  =  Secchi;  Mo.  =  Morton;  Pow. 
=  I'owell ;  En.  =  Englemann  ;  Kn.  =  Knott ;  Dun.  = 
Duner ;  W.  &  S.  =  Wilson  &  Seabroke ;  Dk.  =  Doberck  ; 
PI.  =  Plummer ;  Go.  =  Goldney ;  Jed.  =  Jedrzejewicz ; 
Fr.  =  Franz;  Pr.  =  Pritchett;  Sea.  =  Seabroke;  Sr.  = 
Searle  ;  Gl.  =  Gledhill ;  Tar.  =  Tarrant ;  Com.  =  Coni- 
stock;  Ho.  =  Hough;  Col.  =  Collins;  Lov.  =  Lovett;  Jo.  = 
Jones.     One  or  two  very  short  names  are  written  in  full. 

The  following  ephemeris  gives  the  position  of  the  com- 
panion for  the  next  ten  years: 


/ 

0. 

O 

P. 

1.S95.5 

204.0 

4.. 52 

1896.5 

207.7 

4.45 

1897.5 

211.5 

4.36 

1898.5 

215.4 

4.27 

1899.5 

219.6 

4.17 

1900  5 

224.0 

4.06 

1901.5 

229.4 

3.92 

1902.5 

233.7 

3.79 

1903.5 

239.1 

3.64 

1904.5 

245.0 

3.49 

1905.5 

251.4 

3.;!3 

If  we  adopt  Otto  Stkuve's  parallax  of  0".154,  deduced 
from  micrometrical  measures  in  1856,  we  find  that  //  Cnssin- 
jii-fif  is  separated  from  us  "by  a  distan^H"  eijual  to  1339400 
times  the  mean  distance  of  the  earth  from  the  sun,  and  that 
the  semi-major  axis  of  the  orbit  of  »/  Casslnjieiie  is  equal  to 
53.277  astronomical  units.  When  the  comlnned  mass  of 
the  sun  and  earth  is  taken  as  the  unit,  this  value  of  the 
semi-major  axis  and  the  periodic  time  of  190.50  j-ears  lead 
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to  a  mass  of  4.167  for  the  system.  This  mass  is  considerar 
bly  smaller  than  the  values  hitherto  obtained,  \>nt  there  is 
no  reason  to  think  that  it  is  too  small;  on  the  contrary,  it 
may  be,  and  probably  is  too  large,  especially  if  the  i)arallax 
should  prove  to  be  larger  than  tlio  value  hero  adopted. 
The  parallax  ought  to  be  redetermined  with  great  care,  as  a 
good  parallax  would  now  enable  us  to  find  the  mass  of 
r,  Cassiopeni'  with  a  high  degree  of  accuracy. 

In  this  connection  we  may  jxiiiit  out  the  great  impor- 
tance of  the  determination  of  the  jiarallaxes  of  douhln  rather 
than  of  sini/le  stars.  The  parallaxes  of  single  stars  are  of 
comparatively  little  interest,  since  they  give  us  only  the 
distance  and  hence  the  velocity  ])erpendicular  to  the  line 
of  vision,  and  the  radiation  coni]iared  to  that  of  the  sun. 
On  the  other  hand,  the  parallaxes  of  double  stars  whose 
orbits  are  known  give  us,  besides  these  data,  the  absolute 
dimensions  of  the  orbits  and  the  combined  masses  of  the 
components  — two  elements  of  the  highest  importance  in 
the  study  of  the  systems  of  the  universe.  ;,  Cussiojieae 
is  remarkable  for  the  great  angular  distance  of  the  compo- 
nents, and  for  the  rajtid  proper  motion  of  the  .system,  liotli 
of  these  circumstances  support  the  belief  that  the  star  is 
comparatively  near  to  us  in  space,  and  render  it  certain  that 
the  parallax  is  sensible. 

In  1881  Mr.  Liinvio  Stkuve  discussed  the  relative  mo- 
tion of  the  components  about  the  common  center  of  gravity 
of  the  system  ;    and  from  his  investigation  it  follows  that 

^  =  0.268,  or  the  masses  of  the  two  stars  are  respectivelv 
M 

3.051  and  1.116  times  the  co]nl)ined  mass  of  the  sun  and 

earth.     The  companion  is  therefore  more  massive  than  the 

sun  and  moves  in  an   ellipse  nearly  twice  the  size  of  the 

orbit  of  Ni'jitiine  :     but  the  eccentricity  is  so  large  that  in 

periastron  the  companion  would  come  considerably  within 

the  orbit  of   the  outer  planet,  while  at  apastrou  it  would 

recede  to  more  than  tiiree  times  that  distance. 


CONTEXTS. 
On  the  Phoi'ek  Motion  of  Algol,  by  Prof.  Lewis  Boss. 

The  P.vk.vi.i..\x  of  // C.\ssiopf,.\e,  I)Kr)rrED  fhom  KiTiiEKFrRi)  Photogkaphic  Measures,  hy  Mh.  IIeh.max  S.  Davis. 
(tiisEKVATioxs  OF  0  Pkusei  WITH  THE  Mehiiu.v.n  Cihci.e  of  Harvard  College  Observatoky,  by'  Mr.  Arthur  Searle. 
Kesearches  ox  the  Orbit  of  ;;  Cassiofeae  =  2  00,  by  Dk.  T.  .1.  .1.  See. 

rDBLisiiBD  IN  Boston.  »khi->iustiily,  by  i:.  a.  uould.     adukess.  Cambridge.  .Mass.    1'kick,  Si.oii  thk  Volume.    I'kkss  or  Thos.  P.  Nichols.  Lynn,  Mass. 
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ON  THE  FORMULAS  OF  FRECESSION  FOR  THE  EQUATORIAL  AND  ECLIPTICAL 

COORDINATES, 

By  KUKT  laves. 


Prof.  W.  FoEKSTER,  in  his  lectures  on  Astrometry  at  the 
University  of  Berlin,  gives  a  development  of  the  fonuulas 
of  precession  for  equatorial  coordinates,  which  from  its 
great  generality  ought  to  replace  Be.ssel's  representation 
in  the  Tabulae  RegiomoHtanae,  adopted  in  the  standard 
works  of  Brunxow  and  Chauvexet.  The  superiority  of 
Foerstek's  method  consists  in  reducing  the  problem  to 
one  of  transformation  of  polar  coordinates  upon  tlie  sur- 
face of  a  sphere.  By  this  the  study  of  the  phenomenon 
from  the  great  circles  themselves  is  done  away  with.  The 
beginner  especially  will  get  a  clearer  insight  into  the  effect 
of  precession  by  this  method,  because  luni-solar  precession 
and  planetary  precession  are  throughout  clearly  separated 
from  each  other.  I  liave  extended  Foerstek's  theory 
to  the  ecliptical  system,  and  give  below  first  the  general 
theory  of  the  transformation  of  polar  coordinates  upon  the 
surface  of  a  sphere,  and  then  its  application  to  the  determi- 
nation of  the  change  which  the  equatorial  and  ecliptical 
coordinates  undergo  from  the  effect  of  precession. 

I.  Transfonnutlon  of  polar  coordinates  ujjon  the  surface 
of  a  sj)/iere. 

The  position  of  a  point  S  upon  the  surface  of  a  sphere 
is  given  by  its  two  polar  coordinates,  which  are  referred  to 
a  pole  /  and  a  zero  circle  /(('.  11'  is  called  the  subsidiary 
pole.  These  two  coordinates  are :  (1)  The  arc  IS  =  s  of 
the  great  circle  that  passes  through  /and  S;  (2)  the  angle 
WIS  =  ;/  wliich  is  counted  from  0°  to  360°  in  the  direc- 
tion in  which  longitudes  and  right-ascensions  are  counted. 
If  the  pole  /  assumes  a  new  position,  say  V,  but  W  rests 
unchanged,  we  shall  call  the  new  coordinates  of  S,  a-  and  ;■, 
o-  =  VS,  y  =  WVS.  In  order  to  transform  s  into  a,  and 
c/  into  J',  we  pass  a  great  circle  through  the  poles  /  and  V. 
We  introduce  as  auxiliary  quantities  of  transformation : 

IV  =  y,    ivj'x  =  n,    iruv  =  r 


P  > 


N  designates  here 
beyond  I. 


a   point   in  the   prolongation   of    VI 


In  the  triangle  S  VI  the  sides  are 

IV  =  X  '    VS  =  ,7  ,  IS  =  s; 
the  angles  are 

ns  =  7-p  ,    VIS  =  180-(!/-r)  ,    VSI  =  S. 
Applying  the  three  fundamental  equations  of  spherical 
trigonometry  to  triangle  IVS  we  obtain 

coss  eosj(  —  sins  sin;^  cos  ((/  —  r) 

sins  sin  (jr—r)  J-      (I) 


I 
sino-cos(j — p)  =  cos  s  sin  ;j(  + sins  cos ;(  cos  (jT—r)      ) 


COSo- 

sino-  sin(j'— p) 


Since  generally  ;^  will  prove  to  be  a  small  arc  we  shall 

■2sin-ix     then  we  get 

sin  s  sin  ^  cos  (.'/—'■)  —  2  cos s  sin^  ^  x  > 

,    .    a+s    .    0-— s         .        .  . 

'  sm— jp-  sin— -J—  =  sins  sin;)^  cos(y— ?-)+2coss  sm-^;^ 


write     cos;^  =  1 
cos  o-  =   cos  s  - 

or 


therefore —jj-^  will  be  a  quantity  of  the  same  order  as  xj 
neglecting  higher  powers  than  the  second  in  ;!^  we  may  put 


and  also  s: 

and  then  we  may  also  write 
■  +  s\ 


smx 
0- — s 

'^- 

cr  +  s 


sin  1", 


sin  1" 


(T  —  S 
O 


tlierefore 


=  sins  cos 


+  cos  s  sin 


Introducing  this  we  get 


sin  1"  cos . 


(cr— s)  sin  1"  I  sius+  —^ 

y" 

=  X  sinl"  sins  cos (_'/  —  )•)  +  ^sin-1"  coss 
0-  — s  =  X  cos  ()•—,'/)  -f  ^sinl"cotgs  — ^^ — -^ 


sinl"  cotgs 
X-cos-(r—g)  we 


Writing  for  (cr— s)-upon  the  right  side 
shall  have 

<T—s  =  X  COS  (r—ff)  +  ix"  sin=  (/■—_(/)  sinl"  cotgs  (IIj) 
which  is  exact  to  terms  including  the  second  power  in  x- 
In  order  to  obtain  the  expression  for  ;■— ;/  we  first  derive 
the  value  of    p  —  r.      Calling     WI  =  f ,      WV  =  if  ,     we 

(57) 


58 
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have,  since     Wriz=p,     WIV  =  ISO-, ■,     from  triangle 

ivir 

sin/ sine  =   sine- sin p 
sin/'  cos  )•  =    —  cos  y  sin ;(  +  sin  y  cos  ;^  cos  p 
Dividing  the  second  equation  by  the  first  we  obtain 
cos  /•  sin  p  —  sin  >•  cos  p  cos^  =  —  cotg  y"  sin  ;^  sin  /• ; 
or  for  the  same  limit  of  exactness  as  above 


y3 

—  ^  sinl"  cosp  sin/' 


anil   I 


le- 


sino-[cos(;- 


p  —  i-  =  —)(  cotgf  sinr 

AVriting  in  I.,  and  I,      y—p  =  ?•—.'/+(?— p) 
velopiiig  ujion  tlie  left  side  the  sin  and  cos  functions  we  get 

sino- [sin  (;•—«/)  cos(i7— p)  +  cos(j— jr)  sin(i/— p)]   . 

=  sin.<  siix(i/  —  r) 
-ij)  cos (jf-p)  -  sin  (y—g)  sin  (</-p) ] 

=  cos  A-  sin;(  +  sin.s-  cos  ^  cos  (.'/—»•) 
JIultiplying  the  first  of  tliese  equations  by     cos  (y—p) 
the  second  by     — sin(i/— p)     and  adding,  we  obtain 
sin  tr  sin(j — ;/)  =  sin.*  sin  (.(/—/•)  cos(<7— p) 

—  cos.s-  sin;^  sin(</— p)  —sins  cos;^  cos (//—;•)  sm(ij—p) 
sin<r  sin(;— ^)  =  sins  sin  (p—c)  —;^  sinl"  cos *■  sin (jr—p) 

+  ^  sin-1"  sins  cos  (»/—?•)  sin  (ij—p) 

Instead  of      y— p      we  write      t/—r  — (p  — r)      and  de- 
velop the  sin  ftmction 
sino- sin(j'— '/)  =  sins  sin(p  — r) 

—  ^  sin  1"  cos  s  sin  (y—  '•)  cos  (p  —  r) 
+;^  sin  1"  cos s  cos (</—  >•)  sin  (p—r) 
+  ^  sin-1"  sins  [cos;.'/— ;•)  sin(«7— >•)  cos  (p—r) 

—  cos-(</— r)  sin(p— (•)] 

Neglecting  powers  of  ;( that  are  higher  than  tlie  second, 
we  get 

sin  o- sin (^—y)  =  (p  — '•)  sinl"  sins  —^  sin  l"coss  sin  (y— '") 
+)^  sin  1"  coss  cos  (y— »") .  (/»—'•)  sin  1" 

+  ^  sin-l"sinscos(y— r)sin(y— ?•) 

If  we  multiply  L  by     sin  (y—p)     and  I,  by     cos  (y—p) 
and  add  the  equations,  we  obtain  after  a  similar  develop- 
ment as  given  just  before 
sin(7-cos(j'— y)  =  sins  +  ;^  sinl"  coss  cos (y  —  c) 

+  X  sinl"  coss  sin(y— /•)  (p—r)  sinl" 


—  ^sin^l"  sins  cos-(y- 


■  ;•)  —  sin  s 


(p->r- 


sin^'l" 


We  now  divide  the  last  two  equations  by  each  other,  and 
divide  the  right  side  by  sin  s ;  then  developing  the  denomi- 
nator by  the  binomial  theorem,  we  shall  obtain  the  follow- 
ing result,  which  is  correct  to  terms  of  the  square  of  ;(, 
■/-'J  =  (p-r)-xcotgs  sin(ff-r) 

•;  —  x'-  sin  1"  cotg  s  cos  (y — r)  cotg  ^  sin  r 

+  ^  sinl"  cos (y—;-)  sin(y— ;•) 

"  +;(=sinl"  cotgs  cos(y— »•)  cotg^s  sinr 

+  ;(- sin  1"  cotg-s  cos(y — r)  sin(y  — »•)     or 
y—'J  =  p— '•— X  cotgs  sin(y— ;•)• 

+  ^sinl"cos(y  — »-)sin(y— >-)(l+2cotg=s)  (II^) 


For  our  further  applications  it  will  be  sufficient  to  retain 
only  terms  of  the  first  power  in  ;!^,  we  sliall  therefore  ai)ply 
the  following  formulas  : 

=   xcos(;--y)  ....  ^ 


(") 


p  —  r  =    —;(  cotg y  sin;- , 

/■  —  .'/   =   p— r  +  x  cotgs  sin(;'— y)  ....      ) 

TI.      The  derivation  of  t/ieformulfis  of  precession. 

"We  shall  now  apply  the  formulas  (II)  for  the  determi- 
nation of  the  change,  which  the  equatorial  or  ecliptical 
coordinates  of  a  star  undergo  by  the  effect  of  jjrecession. 
Adopting  Newton's  geometrical  rejjresentation  we  say  that 
the  effect  of  perturbation  of  a  body  A  upon  another  body  B 
is  such,  that  the  pole  of  the  orbit  of  B  tends  to  describe  a 
circle  around  the  pole  of  the  orbit  of  A.  The  rotatory  motion 
of  the  Earth  is  especially  influenced  by  the  perturbations 
of  J/uoii  and  Sun,  the  pole  P  of  the  equator  will  therefore 
tend  to  describe  approximately  a  circle  around  A'  the  pole 
of  the  ecliptic.  The  secular  terms  in  the  perturbing 
function  of  Aloon  and  Sun  we  call  luni-solar  precession. 
But  the  translatory  motion  of  tlie  Jiurth  around  the  Sun 
undergoes  perturbations  from  the  other  planets,  especially 
from  Venns  and  Jupiter.  I'nder  the  influence  of  these 
actions  the  pole  E  will  tend  to  describe  separately  a  circle 
around  the  pole  of  each  of  the  perturbing  bodies.  This 
effect  we  call  the  planetary  precession.  We  will  study  first 
the  effect  of  tlie  precession  upon  the  equatorial  coordinates 
of  a  star  during  the  interval  of  time  T„—  T,. 
(ff)      The  equatorinl  monliiKites. 

It  seems  at  first  as  if  our  formulas  (II)  could  not  be  applied 
for  our  equatorial  sj'stem,  since  in  our  deductions  above  W 
was  supposed  to  rest  unchanged.  But  E  which  here  takes 
the  place  of  IF  changes  during  T„— T^  from  E^toE...  This 
difficulty  will  be  easily  overcome,  since  by  a  mere  algebraic  ad- 
dition we  may  go  over  from  the  coordinate  ;■  that  is  counted 
from  PEy  to  the  coordinate  }•  that  is  counted  from  PE. 

We  identify  i  with  Pj ,  F  with  P.,,  IFwithJi;,  where 
the  indices  express  the  times  2'„,  T,,  T.,,  to  wliich  the  po- 
sition of  the  poles  belong.  For  our  further  deductions  we 
need  also  the  points  E^  and  E„.  When  tracing  a  figure 
we  shall  have  to  locate  P^  and  P..  and  P,  and  E.,  upon  the 
same  side  of  the  great  circle  that  passes  through  P„  and  E^ . 
The  arcs  Po^i  and  P,Po  are  relatively  large  with  re- 
spect to  E„  El  and  £",  E., .  If  not  stated  otherwise  we 
shall  always  suppose  that  the  arc  combining  two  of  these 
points  with  each  other  is  an  arc  of  a  great  circle.  The  arcs 
combining  a  point  P  with  a  point  E  will  represent  a  cer- 
tain value  of  the  obliquity  of  the  ecliptic.  From  our 
figure  we  learn  that 
P„  E„  Pi  =  2^01  is  the  luni-solar  jn-ecessiou  during     T,  —  'J'„ 

■p    jr    J>     —    ,fi       u  ii  u  a  T  _  7' 


•I  find  In  my  notes  that  Prof.  Foekstek  has  given  a  sonu-wliat  ilifferent  expression  for     j — ;/,     namely, 

y  —  g  =  p  — r-l-xeolg.1  sin  ((—;/) -f  i  sinl"  X"  sin  (r— v)  cos()-— ;/) 
Since  the  derivation  of  this  equation  from  the  original  (-(inations  has  not  been  given  in  the  lectures  I  presume  that  probably  a  mistake  in 
writing  has  occmred. 
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EgPgEi  =  (/S' is. the  i^lanetary  precession  during     T^—T,, 

The  indices  of  tlie  (jiiantities  j/  and  //  are  chosen  so  that 
the  upper  indices  refer  always  to  the  position  of  tlie  pole 
of  the  ecliptic,  the  knver  ones  to  that  of  the  pole  of  the 
equator. 

The  values  for  ji  and  q  are  given  fur  the  eiioch  7],  by 
Celestial  Mechanics;  they  are  given  in  the  form  of  a  ]iower 
series,  the  variable  being  f,  that  is  =  T—T„  where  T 
designates  any  time  whatever. 

The  coordinates  (■"■,.'/)  and  (a,  ;■)  of  a  point  -S  are  here 


7'^'     ==F.,S    =o-=90-cV,  )" 


r  —  ,V   ^   S^  —  (5., 


The  auxiliary  quantities  are 
IVIX  =  E,P,X  =  r,    IVrX  =  E\P,N  =  p,  IT  =  P.P.,  =  x 

Since  from  Celestial  Mechanics  the  quantities  ii  and  q, 
and  the  obliquity  of  the  ecliptic  =  e,  are  known,  we  may 
express     x;  '">  P     ^y  ii^e^iis  of  them. 

In  the  triang-le     EJ^J^„     we  have 


Applying  Gauss's  equations  we  obtain 

-0  4-  .0' 


cos  (P=^)  cos  i  X     =    cos  (iAj3^  ]  COS  '  '' 


si„(PlZi')cosix    =    sin  f^-?!^^M  cos 


-cos 


sin  i  X    =   cos 


.  /i'l«— i"" 


sin 


(K) 


-smr^Vinix    =sinr^M=^^Bin^^"  +  ^^ 


.     2     ;  ""\    2    . 

In  our  furtlier  developments  we  shall  assume  that  the 
interval  of  time  1\—  1\  is  so,  that  we  may  be  allowed  to 
regard  I>li—pl\  =  <llAi 

£2  —  £','  =  fZ;','  as  differentials,  and  that 
all  terms  containing  higher  powers  of  x  than  the  first  may  be 
neglected.    Under  this  assumption  our  formulas  (1„)  become. 


The  three  sides 

P,E„  =   4 
P.E„  =  i" 


X  sm  r  =   X  s'li 
X  cos  )■  =   X  cos  ^     ^ 


The  three  angles 
E,,P,P„  =  r-180 
E.Py.,  =  360 -p 
P,E,P,  =  2^ -A 

!  +  )■  D— 


COS 


sm 


'p—'' 


,+ 


'^'sinl"cos£'; 


XC0S(!i-2-)   =  d4 
fp  +  V 


(-'.) 


In  our  formulas  (IT)  which  we  may  ]iow  immediately  ap- 
pl}',  enter  besides  p  —  r  the  quantities  x  sin/'  and  x  cos;-, 
whicli  we  have  to  determine  from  (2„). 


xsin    V      =  -r/K  sins'; 


p  +  r 


2 
p—r 


=   XSiii 
=   X  cos 


P  +  ''   „„P— ' 


r  iP'^''\     ■      fP 

-^y-  cos  ^^ X  COS  (  ^^  I  sm  "^ 


.+ 


p  +  r        p — 
S-cos^ 


"X  sm 


o 


sm 


o 
p—i 


Introducing  the  above  values,  and  neglecting  terms  which 
contain  products  or  squares  of  the  differentials,  we  get 
xsinr  =    —  fZ/zlliSin;" 
X  cos  r  =   cl-:1 

Introducing  these  values  into  (II)  we  obtain 

d.,—di  =  (Id.  =  d ^1  s'm(a.+ q[^)  +  djj'^  sini'; con {u.  +  q'^) 

a.,— a.  =  die.  =  —dqf+dpl.coss".  +  dpliSms'ltgSiSm(a  +qf) 

—  di'l  fgS.  sin£  sin (k +  7*1")  .... 

We  can  always  assume  that  the  epoch  T,,  is  not  very 
distant  from  Tj .  Since  the  q  quantities  are  very  small  we 
may  omit  in  the   argument      "i  +  'y'i"      the  (juantity     qf. 

Since     ^     according  to  the  values  of  Peteks  and  Struve 
iif 

is  smaller  than  0". 000015,  we  shall  also  suppress  the  terms 
containing  this  small  quantity.  Dividing  both  sides  of  our 
equations  by  df,  and  suppressing  the  indices,  we  obtain 
the  following  general  formulas 

dS  dq) 


put 


cip 

dt 


sm  £   =   n 


do    ,   dp 

e  +  -^  cos  £  =  m 

df       dt 


and  we  obtain  Bessel's  formulas  of  precession, 


dS 

—-   ^  n  cos  a 

dt 

da 

dt 


m  +  ntg  fHiiwa 


dt 
da 
dt 


,   sm  £  cos  (c  . .  . . 
at 

d'l    ,   dp  ,     dp    .  ,     . 

-  —  +  -^  cos  £  +   -i-  sm  £  to  0  sm  a 
dt       dt  dt  ■' 


In  all  those  cases,  where  the  star  is  very  near  to  the 
pole  —  so  that  tgti  becomes  a  large  multiplier  —  or  where 
the  interval  of  time  T., —  T.  is  large,  it  will  be  necessary 
to  retain  in  (II)  the  terms  multijdied  by  x"and  x'-  Instead 
of  the  formulas  (2J  the  exact  formulas  (1„)  will  then  have 
to  be  used. 

(li)     The  ecliptlral  coordinates. 

For  this  system  we  put 

I  =  E.  IW  =   f  =   £i  WIN  =  P„E^N  =    ;■ 

r  =  E„  rW  =   <l>  =  4  WVR  =  P„E„N  =   p 

W  =  P,  IV  =      E.E.,  =  X 

WIS  =  J/  =  P„E.S  =  360  — (P„£'iPi  +  Pi.B,5) 

=  360  — (90— ;.,+/>,v) 
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irVS  =  ;■  =  P,.t\S  =  3G0  — 

g  =  270  +  i,-^,,'„ 
Y  =  270+1,— Pi, 

■{P„E.P.+  P.E.S^ 

=  3(;b— (00— j^j+yv,,) 

.s-    =    itO— fi, 

„.  =  90  — (t 

7—9  =  K — h—{p%—l> 
In  the  triangle     P.^E^E^, 
The  siiles  are 

'„)              as    =   -  (fij— f(,) 
The  angles  are 

/>„£•,   =   4  /'„£',  A'..  =   180  — (• 

p„a;..  =  .-;         pj:,E,  =  p 

E,E,   =    X  ^.^"'^i  =  <-'/"' 

Applying  Gauss's  equations  to  this  triangle,  and  putting 

,,112 „"I     —    rf„"l 

..2 ,1        _     ,/.-! 

-II — =0       —    "-0 

we  obtain  approximately 

1 


(2») 


(^^j    =   -4-sinl" 


sin 


cos 


cos  ■ 


By  means  of  (2,)  we  could  in  the  same  manner  as  before 
express  p  —  i\  x  *'"'''  x*^"^'"-  l^i't  to  identify  our  formu- 
las with  those  given  by  Bessel  in  his  Talndne  lityinmoti- 
tnnae,  we  shall  proceed  here  in  a  somewhat  different 
manner.     From  (II)  we  obtain 

''f^i  =  — X  sin  (J-i— '•— yJi) 

d^  =  04— y'l'.i)  +  p— '•  +  Xf9^i  cos  (i,— »•—/),'„) 
Let  us  assume  a  point  X^  upon  the  continuation  of  EiE„ 
beyond  E„,  then  is  the  angle   P,iE„y„  —  n„  =  longitude  of 
the  ascending  node  of  the  ecliptic  at  the  time  T,  upon  tliat 
at  the  time  T„.     Indeed,  if  we  represent  the  equator  and 
ecliptic  at  T„  by  great  circles,  and  call  the  point  of  vernal 
equinox  at   T„  =  f„,    draw  furthermore  the  ecliptic  at  T^ 
which  intersects  that  at  T„  in  the  points  Q  and  y,  we  liave 
°fvQ  =  /7„.     But  we  see  from  our  figure  that 
E,E,Q,    =  90 
°f.,E..P„  =  90 
L\L],°f„  =  90  — /7„ 


E,E,P,  =  180  — n„ 


The  University  of  Chicago,  1895  March. 


but  EJi^P„  =   180°- P.i;^;, 

therefore  P,>E„y,,  =    //„. 

In  the  same  manner  would  follow     PiE^X^  =   H^ . 

In  the  Tdhiihie  Jifgiomontitiinc  the  value  of  /A„  for  a  cer- 
tain epoch  (ITJJO)  is  given  by  a  series  arranged  according 
to  powers  of  t.  The  transformation  of  //„  into  //,  will  con- 
sist of  two  parts;  first  a  slight  rotation  of  the  great  circle 
EiE„  around  £,  into  the  position  E.jE, ,  and  further  a  change 
of  the  great  circle  £,/^„  into  tlie  direction  EiP,.  The  first 
increment  arising  from  the  slow  change  of  the  direction  of 
the  motion  of  the  pole  of  the  eclii)tic,  we  shall  designate  by 

(T, — 7',,),     the   second   one  arising   from    the   motion 


(It 
of   the    pole      P  is  pli . 

n,+'^{T,-T„)      is 


dt 


From    our   figure    we   see    that 
n    value   equal    to    r,   therefore 


dU 


r+2yl  =   77.,+  -^(T,- 2;,)+/ 


■I'l,; 


introducing  this  value 
into  our  equations  for  f/o'and  d).  we  obtain 

d^x  =  -X  si"  (^■^-"'•-''-^l  (T,-r,)-j.l,^ 
From  the  equations  (2^)  we  obtain 

p — *■    =    — dq'!}  cos  rj 

The  quantity  x  is  very  small.     We  may  designate  it  by 
dn ;  we  put  also     pit,  — yjJi  =  djj^ 


Calling 


we  get 


(/;),'i  —  dqf  cos  £,'  =  dt^ 

'H)  +  pU  =  J/, 


--f<^' 


</(:!,  =    — dn  sin  (A, — J/,) 

(//.,  =    (//,  -I-  (In  tff^i  cos  (A, — -1/,) 

Dividing  both  sides  by  dt,  and  suppressing  the  indices, 
we  obtain  the  general  expressions  for  precession  in  the 
ccliptical  coordinates, 

f/(i  dn 


dt 


dt 


sin  (;.—.¥) 


d).        dl   ,    dn  ^   ,        ,.       T^. 
-7-  =  —  +  -^tg3  cos  (J. — Jf) . 
dt        dt       dt    "^        ^  ' 


OX    TIIK    AXXUAL 


TERM    OP    THE     LATITUDE- VARIATIOX 
LYOXS    OBSEKVATIOXS, 


FROM    THE 


Bv  S.  C.  CHANDLER. 


In  the  arrangement  and  treatment  of  the  observations 
which  were  the  subject  of  the  note  in  A.J.  334,  the  annual 
term  was  eliminated,  and  only  the  428-day  term  was  de- 
termined by  GoxEssiAT.  It  seems  to  me  important,  how- 
ever, to  point  out  that  his  observations  of  Polaris  furnish 
the  means  for  a  tolerable  determination  of  the  former. 
Thus,  if  we  correct  these  for  the  428-day  term  found  from 


all  his  stars,  by  the  formula  in  my  note,  adopt  the  value 
J8  =  —  0".40,  and  arrange  the  results  according  to  the 
time  of  the  year ;  then  taking  means  which  shall  have  ap- 
proximately equal  weight,  we  have  the  values  of  J<f  in 
column  "0"  below,  the  argument  t  being  the  fraction  of 
a  year,  corresponding  to  the  sun's  mean  longitude  in 
column  2. 
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T 

q 

O 

c 

T 

®c 

O 

C 

0.0'.)6 

.•^U^fi 

-0..'55 

-o!'l3 

0.612 

140°.  3 

+  o''35 

+  0.38 

.244 

7.8 

-  .21 

-  .13 

.67() 

163.4 

+  .43 

+  .40 

.325 

.•'.7.0 

—  .OS 

-  .04 

.830 

218.8 

-  .17 

+  .27 

.32o 

;!7.0 

+  .16 

-  .04 

.870 

233.2 

+  .19 

+  .21 

.3(;4 

31.0 

+  .14 

+  .02 

..SSI 

237.2 

+  .70 

+  .19 

.392 

61.1 

—  .0(; 

+  .07 

.907 

246.5 

+  .12 

+  .14 

.415 

(;9.4 

+  09 

+  .12 

.949 

261.6 

+  .12 

+  .07 

0.429 

71.4 

+  0.;').") 

+  0.17 

0.97."; 

271.0 

—  0.09 

+  0.03 

Solving'  by  the  luetliods  of  .LJ.  287,  we  get  the  mean  cor- 
rected hitituile,  9'(,  =  45°  41'  41".02 ;  and  the  values  of 
the  otlier  unknowns, 

y  =    +0".088  ±0".0.j7     ,     Z  =    -0".262  ±0".O69 
which   are   referred  to    Stkuve'.s    constant   of   aberration, 
lleducing  tlieui  to  tlie  value  L'0".oOO  by  means  of  e([.  (28), 
we  derive  tlie  constants  of  the  annual  term, 

G'  =  3'>r.7  ±14°.2     ,     ;■„  =  0".249,  ±0".065 

Referring  tlie  epocli  to  Greenwich,  and  adding  the  428- 
day  term  found  in  A.-/.  334,  we  have  the  full  expression  for 

Cambridge,  1895  Jitnuiiry  17. 


the    latituih'-variation,  as  found   hy  Gonessiat's  observa- 
tions, 1885-93, 

V'-fo  =  -0".175c()s(<-24109.36)6i  -0".249  cos(0-347°) 

Equation  (52)  gives,  for  the  average  epoch  1889, 
<f-f^  =  -0".174cos(;-2410942)e  -0".147  cos(0-;i44°) 
The  agreement  is  exceedingly  good,  except  for  the  ampli- 
tude of  the  annual  term,  but  the  probable  error  of  tliis  is 
large,  as  will  be  seen  above. 

The  values  in  column  "C"  of  the  table  were  computed 
by  means  of  the  I' and  Z  given  above,  with     A' =  +0".12. 


1894 IV, 


PLACES   OF   COMPARISON^-STAES  FOR   COMET  t;  1894 

By   IIKKBERT   A.    HOWE. 

Tlie  following  places  of  comparison-stars  used  in  my  observations  of  Comet  e  1894,  have  been  carefully  determined  liy 
micrometric  connection  -H-ith  weU  determined  stars.  The  numbers  in  the  first  column  correspond  to  tliose  used  in  A.J. 
333  and  334. 

Mean  Places  1894.0. 


^ 

a 

h    in   a 

1 

22  45  42.21 

3 

23  34  28.. 32 

4 

23  37  11.72 

6 

23  42  25.75 

8 

23  48  15.35 

9 

23  55  26.95 

0 

0  11  20.97 

10 

0 

56.1 

3 

56 

12.2 

3 

32 

42.2 

o 

53 

31.8 

o 

14 

56.5 

1 

16 

14.1 

0 

32 

59.7 

Authority. 

FoU.  A.G.C.  31007  4!"56J1, 

Prec.  Brussels  10616  3  40.80. 

Foil.  Lalande  46315,6  3  49.71, 
FoU.  RadcHffe  (1890)  6339  3  25.92, 

Prec.  Brussels  10730  4  50.68, 
Prec.  A.G.C.  32426 
Foil.  Munich  (1880)  87 


8  16.2  north. 
2  11.4  south. 

0  1.8  north. 

9  9.8  north. 

1  33.0  north. 
4  10.(;8.  10  45.9  south. 
3  31.56,     0  25.3  north. 


MEAN    DECLINATIONS    AND    PROPER    IVIOTIONS    OF    FIFTY-SIX    STARS 
{ASTB.  GES.  CATAL.  SYSTEM,    astb.  nachr.  3195-96), 

By  HERMAN  S.  DAVIS. 
[Coinnumicated  by  J.  K.  Eees,  Director.] 

In  1893  the  Astronomical  Dejjartment  of  Columbia  Col- 


lege instituted,  under  the  directorship  of  Professor  J.  K. 
Rees,  a  systematic  series  of  observations  of  twenty -eight 
pairs  of  stars  by  the  Talcott  method  in  cooperation  with 
Professor  Fergola  of  Naples,  having  in  view  a  discussion 
of  tlie  variation  of  latitude,  and  a  redetermination  of  the 
constant  of  aberration  by  Kustner's  method. 

It  was  designed  from  the  beginning  to  base  the  reductions 
of  latitude  on  declinations  deduced  from  all  accessible  data, 
and  the  present  paper  contains  the  final  results  of  this  investi- 
gation. A  detailed  exposition  of  the  data  and  of  the  methods 
is  to  be  published  soon  in  the  Memoirs  of  the  New  York  Acad- 
emy of  Sciences,  but  that  the  positions  here  given  may  be  at 


once  available,  it  was  thought  advisable  to  publish  tliis  article 
in  advance  of  the  more  detailed  work. 

The  magnitude,  the  right-ascension,  and  the  proper  mo- 
tion in  right-ascension,  are  compiled  from  the  A.G.C. 
Fiin(hiiiieiital-Catulog,  Romberg,  I'lilkoiva  1855,  Greenwieh 
Tea-Year,  ov  Safford's  2018  Star.'i  ;  all  other  quantities  in 
the  table  have  been  computed  from  one  hundred  and  twenty- 
nine  various  catalogues  or  separate  series  of  Annual  Re- 
sults. 

The  positions  are  given  for  the  epoch  1875.0,  brought  up 
from  the  mean  date  of  observation  by  tlie  proper  motion 
here  computed,  and  may  be  reduced  to  anotlier  epoch  f  by 
the  formulas 
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«,    =    «.,:.  +  ''(' 

1  O" 

-.^.-( 

'—18- 

•5)= 

....,x.;,„.,t„i,. 

.V 

—    X       A-Tn 1.<{7:"; 

(^-1875^ 

SToV 

lf>li})-r   JV     jj-TjT ai>l.H/.l.lll.,llti_l  .                                 I',      —       »',5;;,      • 

'                 200 

)o  ;• 

SUr 

Mag. 

a  1875 

Ann.     Soi-ular 
Var.    Vurlnllou 
J            K 

AnnnnI 
Motion 

l>nie| 

;o,24 

1 

Prol). 

Error 

Wt. 

Corr. 
Ann.  Var. 

Sec. 

Var. 

M 

Thlril 

Term 

A- 

Aohunl 
I'roiier 
Motion 

rrob. 
Error 

F.  10  Cnmtlop. 

4.0 

1l        Itl     B         1    » 

4  52  18.38  5.3107 

+o'o419 

0.0000 

427 

O         /         if 

37    GO  15  22.806 

io'oSlI  74.0 

+  5^8214 

—.744- 

-.231 

-0.0100 

±'0022 

I  Tauri  102 

5.0 

4  55  .•!7..".I  3.57il!l  +  .0094'+  .0040 

V.I.  32 

306 

45    21  24  33.418 

.062    06.0 

+  5.52.54  — .505|- 

-.078 

—  .0330 

23 

?.  Auritjae  15 

50 

5  10  21.0:.  4.2120  +  .0121  +  .0447 

13.00 

231    33   |39  59    7.3O0| 

.072 

40.3 

+  3.0509 

—.608  • 

-.087 

—  .6541 

.  28 

p  Aurigae  20 
F.17  Camelop. 

5.8 

6  12  57.02  4.2382 

+  .0134  +  .00071 

51.91 

60 

15    41  40  37.881 

.160 

10.9 

+  4.0401 

—.607- 

-.088 

—  .0409 

48 

6.0 

5  18  22.13! 

>.6473 

+  .0313- 

-  .0012 

'.8.57 

173 

19    62  57  38.609 

.073 

33.0 

+  3.C127 

—.812 

—.105 

—  .0103 

27 

F.119  Titiiri 

5.0 

5  24  5.1.07  ; 

!.5140 

+  .0050- 

-  .0003 

01.11 

143 

28    18  29  50.730 

.088 

28.2 

+  3.0G49 —..508— .0.39'+  .0039 

32 

i  Anrigae  ao 
F.l:t9  yViiin" 

5.0 

5  44  22.21  , 

>.0207 

+  .0088- 

—  .0050 

■|0.2,l 

100 

19    55  40  29.184 

.108    19.2 

+   1. ,3851 —.730— .041  +  .01,><1 

■•iO 

5.3 

5  50  14.27. 

5.7219 

-r  .0031 

.0000 

59  99 

118i  30    25  50    9.812 

.091    27.2 

+  0.8017 —.543  —  010—  .0103 

32 

F.2  Lif'icis 

4.6 

6    8  35.58  , 

■).3U05 

—  .0039+  .0001 

■,2.11 

2341  28    59    3  10.450 

.005    51.0 

—  0.7290— .772 +.039+  .0230 

33 

fi  Ueminor.  13 

3.0 

6  15  23.89 

J.  6305 

—  .0005  +  .0037 

03.09 

1748    59    22  34  31.900 

.041  137.7 

—  1.4500— .528 +.025^—  .1040 

17 

f  Geminor,  18 

4.6 

0  21  32.44 

J.6621 

—  .0005)—  .0022 

G0.93 

329    37  120  17  20.780 

.068    47.5 

—  1.8931— .516 +.03o|—  .0111 

24 

F.8  Li/Hcw 
f  G^miiior.  43 
F.17  Li/ncis 

6.0 

6  20  15.72  5.49.34' 

—  .0185—  .0340 

!4.91 

184    22    01  35  15.588 

.074    35.2 

—  2.5711  —.790 +.118 —  .2781 

27 

var. 

6  5G41.0G3.5G23—  .00511—  .0011 

03.01 

744 

47    20  45    5.058 

.040  101. 1 

—   1,9071 —..50?'+. 074+  .0039 

21 

7.0 

6  58  25.41  5.4028  —  .03071—  .0021 

01.90 

158 

20    00  59    8.508 

.094 

23.5 

—  5.1055— .700 +.228—  .0485 

30 

Pi.Xli.255 

6. 

12  56  53.80 

2.3032 

—  .0271  —  .0270 

03.91 

75 

14    04  16  55.600 

.126, 

1 

14.0 

—19.4281  +.092  +.077 

+  .0109 

57 

PI.  XII.  283 

6.7 

13    3  39.15 

2.9500 

—  .0030 

.0000 

03.02 

40 

10    17  30  56.709 

.176 

7.8 

—  19.2849 +.120 +.145 

+  .0011 

86 

F.20  Can.  Ven. 

4.6 

13  11  56.141 

2.0970 

—  .0130 

—  .0129 

i2.70; 

19r  28    41  13  52.1931 

.074i 

40.4 

—  19.0.505+.129J+.I10 

+  .0175 

30 

F.2;t  Can.  Vin. 

5.6 

13  14  42.77 

2.0972 

—  .0125 

—  .0054 

47.341 

54     17  |40  48  25.799i 

.170 

10.3 

—  19.0004 +.134 +.110 

—  .0084 

41 

F.83  VrsaeMaj. 

5.4 

13  35  59.70 

2.2803 

—  .0120 

—  .0002 

59.84 

151 

22    55  18  53.410 

.093, 

27.1 

—  18.3243 +.143 +.071 

—  .0033 

33 

F.3  Booti's 

6.0 

13  40  54.99 

2.7807 

—  .0038 

—  .0035 

64.81 

115 

17    20  19  48.0G2 

.095 

22.0 

—18.2029 +.181 +.124 

—  .0619 

36 

V  Uoi'itis  5 

4.3 

13  43  20.87' 

2.8911 

+  .0001  —  .0093 

04.43 

151 

22    10  25    7.516 

.081 

30.0 

—17.9975 +.191  +.130 

+  .0485 

30 

i  Draconis  10 

5.0 

13  47  40.91 

1.750'J 

+  .0003—  .0017 

04.79 

307 

30    05  20  28.059 

.003 

52.1 

—17.8793 +.123 +.040 

—  .0023 

26 

a  />iyiconi<  1 1 

3.3 

14    1    0  35< 

1.0203 

+  .0051 

—  .0092 

04.91 

2034 

52    04  58  25.059 

.043 

1 12.3 

— 17.3135 +.120;+.044 

+  .0105 

19 

20  Bnntis 

5.0 

14  13  50.29 

2.8370 

+  .0015 

--  .0110 

02.32. 

118 

23    10  52  49.744 

.092 

24.2 

—10.0071  +.234 

+.116 

+  .0639 

33 

Pi.  XIV,  156 

6.0 

14  34  17.27 

1.9008 

+  .0010 

.0000 

54.71 

79 

16    54  33  51.853 

.100 

12.5 

—15.6785 +.180 

+.049 

+  .0005 

55 

F.34  Boolis 

5.2 

14  37  55.76 

2.6369 

.0000 

—  .0011 

00.46 

121 

23    27    3  36.690 

.096 

23.0 

—15.4813 +.251 

+.089  —  .0033 

32 

Pi.  XIV,  ITS 

14  40  12.70 

2.8311 

+  .0030 

.0000 

53.30 

37 

11    15  39  28.971 

.202 

7.6 

—  15.3318 +.272 +.109+  .0182 

64 

2  H.  Urs.  min. 

5.0 

14  55  30.13 

0.9;59S 

+  .0281 

—  .0074 

70.75 

175 

19 

>0  25  50.798 

.009 

30.0 

—  14.4124 +.100 +.04.S+  .0370 

39 

^  Draconis  22 

3.0 

17    8  25.72 

0.1004 

+  .0192 
+  .0032 

—  .0027 

05.39 

529 

38 

05  52    7.124 

.050 

81.8 

—  4.4574  +.024  +.042  +  .0180 

21 

Pi.  XVII,  94 

6.1 

17  18  55.75 

2.7020 

.0000 

45.22 

34 

8 

15  43  10.331 

.259 

7.2 

—  3.5577  +.389  +.025  +  .0173 

69 

/.  Ufrcuiis  70 

4.8 

17  25  41.17 

2.4210 

+  .0028 

—  .0002 

(50.73 

187 

25 

20  12  22.400 

•084 

31.4 

—  2.9015  +.3.50  +.017  +  .0295 

30 

r' Draconis  24 

4.7 

17  29  42.95 

1.1787 

+  .0055 

+  .0183 

05.16 

202 

33 

55  10  13.081 

.000 

54  0 

—  2.5941  +.174  +.014  +  .0479 

24 

2  Htrculis  88 

6.0 

17  40  47.08 

1.5780 

+  .0032 

+  .0000 

03.00 

115 

19 

48  25  43.411 

.093 

23.3 

—  1.1382 +.229i+.007+  .0178 

32 

Pi  XVII,  347 

G.l 

17  50    1  07 

2.1909 

+  .0023 

.0000 

05.78 

38 

10 

33  13    9.913 

.147 

9.1 

—  0.3001  +.320;+.003—  .0131 

62 

6  Hcrculis  99 

5.0 

18    2  16.83 

2.2744 

+  .0021 

—  .0089 

57.43 

114 

18 

30  32  42.835 

.105 

23.2 

+  0.2733  +.330 

—.001  +  .0743 

36 

Groomb.  2549 

6.3 

18  17    0.48 

1  4084 

+  .0010 

.0000 

59.74 

79 

14 

51  17  30.321 

.116 

18.0 

+  1.4300 +.204 

—.002—  .0510 

45 

F.42  Draconis 

5.1 

18  25  37.39 

0.174G 

—  .0045 

+  .0158 

00.17 

155 

21 

05  29  10.324 

.091 

27.0 

+  2.2075 

+.027 

—.011—  .0295 

30 

Pulk.  2G21 

6.4 

18  31  .32.59 

2.0902 

+  .0012 

.0000 

07.27 

28 

G 

16    5  33.331 

.165 

7.0 

+  2.8100 

+.387 

—.020'+  .0596 

76 

Groomb.  2G58 

6.0 

18  39  50.60 

0.5291 

—  .0000 

.0000 

05.18 

55 

11 

62  37  31.854 

.137 

U.O 

+  3.5118 

+.074 

—.010 

+  .0428 

61 

PI.  XVIII,  203 

5.9 

18  43  26.0 

2.6153 

+  .0011 

.0000 

57.44 

31 

9 

19  11  24.217 

.209 

0.4 

+  3.7735 

+.373 

—.025 

—  .0045 

76 

F.48  Draconis 

6.0 

18  54  38.16 

1  0168 

—  .0037 

—  .0054 

53.14 

226 

23 

57  38  58.550 

.094 

29.7 

+  4.0728 

+.U1 

—.015 

—  .0632 

26 

Bradley  2409 

5.4 

19    1  25.64 

2.4917 

+  .0010 

+  .0050 

01.02 

51 

15 

24    3  29.697 

.137 

12.5 

+  5.3213 

+.3.50 

—  .0.32 

+  .0103 

53 

/'  Cygni  59 

5.3 

20  55  34.46 

2.0387 

!+    .0031 

+  .0009 

58.36 

222 

27 

47    2     1.143 

.070 

41.3 

+  13.9045 

+.208 

—.048 

+  .0005 

25 

11  Cyyni  G6 

4.S 

21  12  40.73 

2.4022 

+  .0049 

—  .0005 

.57.78 

120 

23 

34  22  22.158 

.100 

23.0 

+  14.9407, +.233 

—.075 

—  .0023 

33 

F.70  Cygni 

5.L 

21  22  15.56 

2.4421 

+  .0059 

.0000 

58.01 

101 

19 

36  34  27.286 

.121 

17.7 

+15.5046  +.220 

—.075 

+  .0150 

45 

p  Cygni  73 
¥A6  Pegasi 

4  1 

21  29  1G.80 

2.2505 

+  .0072 

—  .0034 

50.33 

132 

23 

45    2  23.302 

.099 

22.8 

+15  7767 +.194 

—.058 

—  .0953 

27 

5.3 

21  47  22.54 

2.7255 -i-  .00.53 

—  .0005 

69.75 

835 

il 

25  20  15.817 

.045 

92. .i 

+  16.7936 +.210 

-.101 

+  .004G 

29 

F.13  CfpAci 

6.1 

21  50  41.12 

2.0084  +  .0080 

—  .0030 

58.45 

180 

'   18 

.5G     1  10.98.S 

.099 

20.2 

+10.9348 +.149 

—.051  —  .0112 

36 

Pi.  XXI, 405 

5.3 

22    0  58.2!l 

2.4222+    0112 

.OOOC 

60.13 

49 

:  12 

44  24  24.27X1 

.1.55 

10.1 

+  17.3.S08+.108 

—.079—  .0292 

58 

F.  1  Lacertae 

4.6 

22  10  31. 2S 

2.0000. +  -0108 

1 

—  .0004 

59.84 

130 

20 

37    7  36.349 

.100 

19.6 

+17.8169 +.167 

—.097  +  .0070 

35 

F.25  Cc/'Aei 

6.1 

22  14    8.0: 

1 
1.9450+  .0107 

+  .OOlf 

53. 6C 

77 

15 

62  10  41.109 

.146 

14. i 

+17.9568 +.119 

—.050  +  .0046 

46 

F.39  Pegasi 

6.0  |22  2G  .33.01 

2.8922  +  .OOoi 

1+  .008( 

.59.3f 

IOC 

20 

19  35  10.771 

.113 

17.: 

+  18.4387 +.160 

—.132+  .0285 

36 

Groomb  3919 

6.1 

22  48  22. 9( 

I2.730f 

«+  .OlOf 

.OOOf 

68.  H 

63 

14 

'39  42  39.0l£ 

.UP 

13.-1 

+  19.13.55+. 114 

—.115]+  .052c 

60 

0  Andromf.dae  ] 

3.6 

22  50  10.3£ 

»2.740( 

1+  .018- 

+  .000- 

00.7" 

343 

36 

i41  39  16.101 

.054 

G5  ( 

+  19.2710 +.102 

—.11' 

•—  .OIK 

)           24 

F.2  Cassiopeae 

5.8 

23    4  23. 7f 

!  2.54.i( 

)+  .030J 

+  .000 

50.9c 

74 

10 

58  39  18.22C 

.133 

10. 

•+19.4051 +.081 

—.09. 

;  —  .ooi£ 

)            30 

V  Pegasi  68 

4.6 

23  19    8.5i 

>  2.984 

2  +0.01  K 

! +0.0111 

>  G4.4£ 

231 

29 

22  42  58.0.3( 

)  ±O.0Gf 

1    44. 

5+19.7729j+.06£ 

—.15 

2  +  .036! 

)  ±.0029 
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OBSERVATIONS   OF   ENCKE'S   COMET, 

.MADE    AT   TIIK    U.S.  NAVML   OBSEIiVATOHV, 

r.v   I'i:iu-.  K.   Fi;iSBY,  U.S.N. 
[Communicated  by  Prof.  W.m.  H.^rknkss,  U.S.N.,  Astronomical  Director.] 


1895  Washington  ^[.T. 

* 

No. 
Comp. 

Ja 

-* 

jB 

^'s  apparent 

I          8 

lotc 
font 

for.l 

h        m       s 

Jan.  17     7  25  45.5 

7  25  45.5 

19     7  22  51.0 

1 
2 

3 

5,1 

5.  1 

16  ,  4 

til          S 

+  0  30.01 
-1   44.28 
-0  16.68 

+  7  28"8 
+  6  45.3 
-4  28.7 

h          III           8 

21  57  38.02 
21   57  38.27 
21  52  36.31 

O             1              If 

-1   18     5.3 
-1   18  10.5 
-2  24  17.5 

9.G55 
9.655 
9.658 

0.745 
0.745 
0.745 

Mean   Places    for   1S95.0  of   Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 

h       in        s 

21  57     8.81 
21  59  23.35 
21  52  53.80 

—  (K80 
-0.80 
-0.81 

o        ;        // 

-1  25  27.2 
-1  24  49.0 
-2  19  41.5 

-6.9 
-6.8 
-7.3 

},(I>onu  VI  +  Copcland-Biirgen.) 
W.  ]Mun.,  Gr.  1870,  Sj.,  Yarnall 
Munich 

FILAK-MICRO]\rETER   OBSERVATIONS   OF  ASTEROID   {IQ), PSYCHE, 

MADE    WITH    TJIE   12-INCH   EQUATORIAL   OF   THE    DETROIT   OBSERVATORY,    ANN    ARBOR,    MICHIGAN. 

By  SIDNEY  D.  TOWXLEY. 

[Communicated  by  the  Director  of  the  Observatory.] 


No. 
comp. 

Planet 

-* 

Planet's  Apparent 

log  pA              1 

1894  Ann 

Arbor  M.T. 

* 

Ja 

Jd 

a 

d 

for  a 

for  8 

h        m       s 

m      s 

1      II 

h       in       s 

0           /            (/ 

July     8 

11  52  20 

1 

10,6 

-4     7.99 

-0  15.1 

20  35  12.57 

-16  11     8.1 

n9.260 

0.867 

12 

11  46  10 

o 

10  ,  6 

+0  56.59 

-0  10.1 

20  32  22.96 

-16  23  54.8 

«9.202 

0.870 

14 

11  20  38 

o 

12  ,  6 

-0  32.44 

-6  51.6 

20  30  53.97 

-16  30  36.1 

?i9.277 

0.867 

21 

10  18  51 

3 

12,6 

-1  11.87 

+  2  13.1 

20  25  22.79 

-16  55  45.6 

w.9.381 

0.862 

10  57  58 

4 

12,  6 

+  0  38.70 

-1  42.7 

20  25  21.31 

-16  55  48.2 

M9.232 

0.871 

22 

10  37  23 

3 

12,6 

-2     1.76 

-1  34.8 

20  24  32.90 

-16  59  33.5 

»9.300 

0.868 

29 

10     9  23 

5 

12,6 

+0  12.59 

-2     0.6 

20  18  42.27 

-17  26  26.5 

»9.279 

0.871 

Aug.     2 

10  55     9 

i 

12  ,  6 

-0  42.63 

-0  50.8 

20  15  21.07 

-17  41  54.3 

H8.821 

0.879 

4 

10  11  15 

9 

12,  8 

-0  23.18 

+0  15.9 

20  13  44.23 

-17  49  28.1 

«9.126 

0.878 

5 

10  14  33 

9 

12,6 

-1  11.58 

-3  32.6 

20  12  55.83 

-17  53  16.6 

JJ9.073 

0.880 

Mean  Places  for  1894.0  of  Comparison- Stars. 

Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authorltv 

■ 

0            1           It 

It 

1 

20  39  17.47 

+  3.09 

-16  10  57.4 

+  4.4 

i  (Munich  I,  25822  +  Miuiich  II.  10755) 

2 

20  31  23.19 

(  +3.18 
"[  +3.22 

-16  23  48.7 

(  +4.0 
j  +4.2 

i(Mimich  I,  25238  +  Munich  II,  10540) 

3 

20  26  31.30 

+  3.36 

-16  58     2.0 

+4.2 

J(Oe.A.  20592,3  +  Cape  lS50,a071  +  ( Jould  2814.5) 

4 

20  24  39.25 

+  3.36 

-16  54     9.5 

+4.0 

Oeltzeu's  Argelander  20559 

5 

20  18  26.22 

+  3.46 

-17  24  29.8 

+  3.9 

Micrometer-determination  from  6 

6 

20  18  30.05 

-17  21     8.5 

Oeltzeu"s  Argelander  20475 

7 

20  16     0.18 

+  3.52 

-17  41     7.2 

+  3.7 

Micrometer-determination  from  8 

8 

20  20  29.45 

-17  43  20.6 

Oeltzen's  Argelander  20499 

9 

20  14     3.88 

+  3.53 

-17  49  47.5 

+  3.5 

Oeltzen's  Argelander  20409 
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ASTKONO^MRAL   JUUli.NAL   i'lilZES. 

KkI'OKT    of    THK    JlDCES. 

The  luulersigned  desire  respectfully  to  recommend  that  the  Astronomicul  Journal  Prize.  NH.  1.  of  1895  —  of  S^-OO 
to  the  observer,  a  resident  citizen  of  the  Ui-.ited  States,  makiiiu;  the  best  series  of  di'tfiiiiiiiatidns  of  luaxiiua  and 
minima   of   variable   stars,   by   Auuelasuek's   method,   during    the   two   years   ending    18".>."i  Maivh  ol  (.(../.  L'SM)  — be 

awarded  to  ^Ir.  Paul  S.  Yen'dkll,  of  Dorchester,  Mass. 

AsAi'ii   Hall. 
Lewis   lioss. 
1895  .ly-nV  8.  S.  (_'.  Ciiam.i.kk. 

In  sending  this  award  the  Judges  write  that  they  take  the  opportunity  to  congratulate  ]\rr.  Yexdell  on  the 
great  amount  and  excellence  of  the  work  which,  as  a  vohmteer  observer,  he  has  accomplished.  The  prize  has 
accordingly  been  transmitted  to  Mr.  Yexdell.  —  Ed. 


ASTRONO^riCAL  JOUKXAL   T'KIZES. 

Keimiut  of  the  .Judges. 

The  undersigned  respectfully  si\bmit  the  t'oUowiug  statement  concerning  the  Asfrotioinintl  Joiini'il  Prize  No.  II. 
for  1895  — of  S-IUO  "For  the  most  thorough  discussion  of  the  theory  of  the  rotation  of  the  Earth,  with  reference 
to  tlie  recently  discovered  variations  of  latitude." 

One  numuscript  was  received  within  the  i)rescribed  time,  and  therefore  only  this  could  be  considered.  The 
merit  of  this  jiaper,  however,  appears  to  be  such  as   to   justify  the  award  to  its  author,  Professor  Sniox  Xewcomb, 

of  AVashiugtou,  D.C. 

AsATii   Hall. 
Lewis  Boss. 
1895  Aj>rli  17.  S-  <-"•  fnANi.LER. 

The  prize  has  accordingly  been  tran.smitted  to  Prof.  Np:wi  o:\ib.  —  Ed. 


KOMEXCLATUKE  OF  ASTEROIDS. 

The  following  mames  have  been  assigned  to  small  planets  by  their  discoverers. 

No.  318  Chaki.ois  1891  Sept.  24  3I»(,,/alena 

319  "  1891  Oct.      8  Leona 

331  "  1892  Apr.     1  JithericUjea 

336  "  1892  Sept.  19  Lncudkra 

384  CouRTY  1894  Feb.    11  JIardlr/ala 

Mr.  BEKBERicn  finds  the  asteroid  BF to  be  (203) Pompeia,  for  which  the    place    at  opposition,  as  given  in  the 

Berlin  Johrlnir/i,  was  affected  by  a  numerical  error. 


CORRIGENDA  To  APPENDIX  IN  THE  CORDOBA  ZONE-CATALOGUE. 

Trof.  Kui  EfiKi:  liiis  i)ointeil  out  tli.-it  in  tlie  tables  for  computing  the  third  term  of  tlie  precession,  appended  to  the  two  volumes 
of  tlic  Zone-CataloJ;m^  p.iges  (SS)  and  (:59).  the  values  of  P.,  should  be  uniltiplied  by  the  factor  2. 

Also  two  typo-rraphical  errors  on  p.  (l>).  where  the  f.-ictor  of  the  first  term  of  P.,  should  be  cos2(x.  instead  of  cos-u.  and  the 
first  term  of  Q,  should  be  negative.     These  errors  do  not  affect  the  tables. 


COXTEXTS. 

Ox  TUE   Foli.MILAS   OF   PRECESSION    FOR  THE   EQU.VTORIAL    AXD    EcLII'TICAL   CoOISDIXATES.    I'.V    Di:.   KiKT    I.AVES. 
Ox   THE    .VXXCAL   Te'!M    OK   THE    LaTITITiE-VaRI  ATIOX    FROM   THE    LVOXS   OliSERVATIONS.    IIY    Ul;.  S.    C.    CuAXDLEB. 

Places  of  C'ojiparisox-Staks   for  Comet  f;  1M»4  =  1804  IV.  nv  Prof.  Herbert  A.  Howe. 

JIeax  Declinations  axd  Procei;  .Motions  of  Kiftv-Six  Stars  (A.G.C.  System),  uy  Mr.  Herman  S.  Davis. 

OnsEUVATioxs  OF  Encke's  Comet,  by  Prof.  E.  Frishy. 

Filak-Micrometer  Observation.s  of  A.STERon)  (lli) Psyche,  by  Mr.  Sidney  D.  Townley. 

Astronomical  Jocrxal  Prizes. 

xomexclature  of  asteroids. 

Corrigenda  to  Appendix  ix  the  Cordoba  Zoxe-Catalooie. 

ruHLigiiKD  IN  Boston,  hkhi-iionthlv.  bv  li.  a.  oould.     addkess.  Cambuidge.  .Mas».    I'kick.  s-ijiutiik  Volumb.    I'ligas  or  Thos.  P.  Nichols.  Lynn.  Ma»8. 
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MECHANICAL   IXTEKPKETATIOX   OF   THE   VARIATION'S   OF  LATITUDES, 

By  R.  S.  woodward. 


1.  Statement  of  problem.  Tho  problem  of  the  varia- 
tions of  terrestrial  latitudes  is  one  of  the  most  important 
of  those  at  present  confronting  astronomers.  On  the  one 
hand,  most  classes  of  precise  astronomical  observations  are 
subject  to  grave  discrepancies  arising  from  such  variations, 
so  that  a  knowledge  of  their  nature  and  extent  is  indispeu- 
sable.  It  is,  indeed,  now  essential  to  revise  Laplace's  dic- 
tum' of  the  early  part  of  this  century  and  make  it  read, 
"  all  astronomy  rests  on  a  knowledge  of  the  variations  of 
latitude."  On  the  other  hand,  those  variations  are  regarded 
as  raising  grave  difficulty  for  the  dynamical  astronomers. 
JNIost  of  the  latter  have  been  seriously  puzzled,  it  must  be 
admitted,  by  the  jjeculiar  character  of  the  variation  which 
has  been  so  thoroughly  fortified  by  the  indefatigable  labors 
of  Dr.  Chaxdler.  Nothing,  certainly,  could  be  more  dis- 
turbing than  the  necessity  of  explaining  an  increase  in  the 
Eiilerian  circle  from  305  to  428  days. 

Having  given  some  attention  to  this  jiroblem  from  the 
mechanical  point  of  view,  I  have  thought  it  proper  to  offer 
this  paper  for  publication,  hoping  that  it  maj^  assist  in 
clearing  up  the  difficulties  which  lie  in  the  way  of  a  satis- 
factory solution,  if  it  cannot  be  judged  as  having  attained 
this  desirable  end. 

Assuming  that  the  variations  in  question  are  not  due  to 
causes  external  to  the  earth,  the  problem  requires  that  we 
look  to  the  kinetics  of  the  earth  itself  for  an  adequate  ex- 
planation of  those  variations.  It  is  necessary,  therefore, 
to  start  with  the  comprehensive  hypothesis  that  the  earth 
is  a  body  of  variable  form,  or  at  least  that  some  portions 
of  the  earth's  mass  are  subject  to  changes  in  relative  posi- 
tion. 

The  mechanical  theory  of  rotating  bodies  of  variable 
form  is  generally  credited  to  Liouville,  whose  classic 
memoir-on  this  subject  was  published  in  1858.     Itaj^pears, 

1  "  Toute  V Astronoinie  repose  sur  V invariabilite  de  I'axe  de  ro- 
tation de  la  Terre  h  la  surface  du  spheriJide  terrestre."  Mecanique 
Celeste,  Tome  V,  p.  22. 

- Developpements  sur  un  Chapitre  de  la  Mecanique  de  Poisson. 
Par  M.  J.  Liouville.  Journal  de  Mathematiques  Pures  et  Appli- 
qut'es.  Deuxii'nne  serie,  Tome  III,  18.58.  The  same  memoir  was 
imblished  in  1857  in  the  Additions  ii  la  C'onnaissance  des  Tenqjs,  for 
18.59. 


however,  that  Lagkange  had  considered  the  subject  long 
before,  for  his  posthumous  "  Fragments  "  published  as  addi- 
tions to  the  second  volume  of  his  Meennlque  AiKih/tlqae 
(2d  ed.,  1815,  and  later  editions)  contain  a  theory  of  such 
bodies  from  his  characteristic  point  of  view,  which  is  that 
siqqdied  by  what  we  now  call  the  doctrine  of  energy. 

In  applying  this  theory  to  the  case  presented  Ijy  the 
eartli,  much  progress  has  been  made  by  Gylden',  Dakwin''', 
Helmekt^,  Tisserand*,  and  others.  The  fundamental  dif- 
ferential equations  of  the  problem  may  be  regarded  as  set- 
tled. The  work  which  remains  to  be  done  consists  chiefly 
in  discovering  from  the  wide  variety  of  possible  integi'als 
of  those  equations,  the  particular  integrals  applicable  to 
the  actual  circumstances  of  the  earth.  It  will  not  be  es- 
sential therefore  to  go  far  into  the  details  of  the  mechanics 
which  lead  up  to  the  fundamcTital  equations,  such  details 
being  admirably  worked  out  in  the  treatises  of  Helmekt 
and  TissERAND  just  cited.  At  the  same  time,  it  seems 
desirable,  by  reason  of  the  great  interest  in  the  problem, 
to  indicate  briefly  all  of  the  important  steps  of  the  inves- 
tigation. 

2.  Derivation  of  equations  of  rotation.  The  process 
followed  by  Liouville  and  favored  by  all  later  writers,  so 
far  as  I  am  aware,  in  deriving  the  equations  of  rotation  of 
a  body  of  variable  form,  consists  in  transforming  d'Alem- 
bert's  equations  of  rotation  so  as  to  refer  them  to  coordi- 
nate axes  which  are  movable  in  any  manner.  The  process 
I  have  followed  is  that  of  Lagrange,  which  enables  us  to 
set  down  the  equations  of  motion  of  a  dynamical  system 
when  its  kinetic  energy  is  known.  The  resulting  expn-es- 
sions  are  the  same  as  those  of  Liouville;  but  the  Lagran- 
gian  process  is  so  much  more  in  accord  with  current  views 
of  dynamical  questions  that  an  outline  of  it  will  not  be 
out  of  place  here. 

1  Seeherches  sur  la  Rotation  de  la  Terre.  Par  H.  Gyld£x.  Pro- 
ceedings Royal  Society  of  Sciences  of  Upsal,  1871. 

-  On  the  Influence  of  Geological  Changes  on  the  Earth's  Axis  of 
Rotation.     Philosophical  Transactions,  Vol.  t'LXVII,  1877. 

^  TJic  Mathematisc/ien  und  Physikalischen  Theorieen  der  Hijheren 
Geoddsie,  II  Theil.     B.  G.  Teubnee,  Leipzig,  1884. 

■>  Traite  de  Mrcanique  Celeste,  Tome  11.  Gauthiek-Villees  et 
FiLS,  Paris.  1891. 
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In  what  follows  we  are  concerned  solely  with  the  ques- 
tion of  rotation.  Tt  is  assumed  to  be  ind»»pendent  of  the 
motion  of  translation  of  the  body  as  a  wliole.  This  is 
evidently  justifiable  in  the  case  of  the  earth,  tlxough  it 
miglit  not  be  in  the  case  of  bodies  moving  in  more  highly 
curved  orbits. 

Imagine  a  S3'stem  of  rectangular  coordinate  axes  origi- 
nating at  the  centroid  of  tlie  bodj'.  Denote  an  element  of 
mass  of  the  body  by  m,  and  let  its  position  be  defined  by 
the  coordinates  x,  y,  z  at  any  time  t.  With  respect  to  the 
positions  occupied  by  the  axes  of  .r,  y,  z  at  tliis  time,  the 
displacement  of  in  during  the  following  element  of  time 
dt  may  be  conceived  as  arising  from  the  rotation  of  the 
body  as  a  whole  about  its  instantaneous  axis,  and  from  the 
change  in  form  of  the  body.  Calling  tlie  component  angu- 
lar velocities  about  the  several  axes  w,,  w,,  w  and  denoting 
the  component  displacements  due  to  change  of  form  by 
rfj",,  rfy, ,  (/-, ,  respectively,  the  velocities  of  displacement  of 
m  will  be  given  by  the  following  equations : 

dx         rfar, 

a   ~  lli 

dy  ^  dyj, 

dt  dt 


(1) 


+  SO),  -  ya, 
+  a-to,  —  30), 


dz 

dt  ~ 

dz, 
dt 

+ 

yw.  - 

xco. 

"Writing 

for  brevity 

,         dx 

"^  =Tt' 

ll' 

= 

dt  ' 

dz 

~   di 

) 

""'  -  dt' 

y\ 

= 

dt  ' 

~  1 

dZi 

^  Hi 

(2) 


and  denoting  the  kinetic  energy  by  T,  we  have 

(3)  T  =   i2-m(a;'^+y'=+2'-) 

Let  us  now  choose  as  the  axes  of  reference  the  principal 
axes  of  inertia  of  the  body  at  the  time  t.  Let  the  principal 
(variable)  moments  of  inertia  be  denoted  by  A,  B,  C ;  A 
being  the  least,  and  C  the  greatest  of  them ;  and,  as  usual, 
let  them  refer  to  the  axes  of  x,  y,  z,  respectively.  Then 
with  the  following  abbreviations 

/  =   Zvi{yz\  —  zy\) 

(4)  g   =   2im(zx\  —  xz\) 
h   =  lm(:cy\  —  yx\) 

(5)  r,   =    lZvi{x\'  +  y>C-+z'f) 
equations  (1)  and  (3)  give 

(6)  T'=  i(^aj,'+5oj/+C«.») 

The  last  equation  gives  the  kinetic  energy  of  the  system 
with  respect  to  the  instantaneous  positions  of  the  coordi- 
nate axes.  The  motion  of  the  body  is  referred  to  axes  fixed 
in  space  by  means  of  the  Eulerian  angles  6,  <f,  <^i  through 
the  well-known  equations* 

'See,  for  example,  Tisseband's  Micanique  Celeste,  Tome  II, 
Chap.  XXII. 


0),  dt  =  dt!'  sin  Q  sin  <f  —  d$  cos  </> 

ta^dt  =  (Z0  sin  floosy +  (/6  sin  v'  (7) 

0)^  dt  =  dtf  —  di!'  cos  B 

The   equations  of  rotation   may  ii<i\v   be   expressed  by 
means  of  the  Lagrangiau  foinuila' 

d   dT   _  dT 
Jt  d^'    ~  V^ 


=   Q 


(8) 


replacing  y  and  q' 


dt 


li'y    &,  ft  <•    ^»i^     ^'j  f',  <r''    suc- 


cessive!}', and  Q  by  the  moments  of  the  applied  forces. 
It  will  suffice  here  to  make  tlie  cr-substitution,  which  will 
give  the  equation  of  rotation  with  respect  to  the  «-axis. 
The  other  equations  may  bo  written  down  by  cyclic  inter- 
change of  .symbols. -' 

Observing  that  /,  ;/,  Ii,  and  T, ,  as  defined  by  (4)  and  (5) 
do  not  contain      0,  9',  1!;   6',  v',  <!■',     we  get  from  (6)  and  (7) 

ar  ^  ar  -dw.  ^  ^^^^  ^  ^^ 

dT  _dT   di^        3T  00), 
"dip  dw^  dif  'dm^  "dtp 

=    (^0),+/)  <»,  -  (5w,  +  sr)oj, 

These  values  in  (8)  give  the  third  of  the  following  equa- 
tions, Q  being  replaced  by  the  usual  symbols  for  the 
moments  of  tlie  external  forces. 


dt 
d(Bw„+g) 

dt 
d(C(„,+h) 

di 


—  (Bio^+ f/)  10^  +  (r'o),+/0(.)„  =  L 

-  (Co), +  //)«,  +  (A(o,+f)(o,  =  M  (9) 


These  equations  agree  in  form  with  those  given  first  by 
LiouviLLE  (p.  14  of  the  Journal  cited  above).  They  are 
entirelj'  general,  it  being  understood  that  the  principal 
(movable)  axes  of  inertia  are  the  coordinate  axes.  They 
are  readily  changed  into  Euler's  well-known  form  for  the 
equations  of  rotation  of  a  rigid  body:  for  in  this  case  we 
have  only  to  sujipose  A,  Ii,  C,  each  constant  and  place 

/  =  r/  =  A  =  0 

We  may  simplify  equations  (9)  somewliat  without  limit- 
ing their  generality  by  the  following  substitutions: 


/  =  -Au 

y  =  -i>' 

h   =  -Cy 

0)1    =  0)^  —  « 

(O2    =  w,  —  (3 

0)8=  0),  —  y 


(10) 


(11) 


'See  especially  Bebtkand's  Note  Y1  to  Vol.  I  of  the  Jlfecamgue 
Anab/tique. 

-For  details  of  this  process  applied  to  a  rigid  body,  see  Chap.  XXII, 
Tome  II.  of  Tisseuaxd's  Micanique  Celeste. 
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With  tliese  values  (9)  assume  the  form 
d(A(Oi) 


(12) 


dt 
d  (Bco^ 


—  i>(0.,  (a).j  +  }■)  +  ('0)3(010  +  15')    =    L 

—  Cfa.^(ui  +  a)  +  AM,(io^  +  y)    =   111 

—  --/w;  (oj.,  +  (:f)  +  7<(i)o  (Wi  +  (4)    =    iV 


dt 

dJCw,) 

dt 

3.  Applii'iif  ion  of  the  equations  to  theeartli.  In  apply- 
ing the  equations  of  motion  to  the  case  ])resented.  by 
terrestrial  variations  of  latitude,  we  proceed  on  the  assump- 
tion that  the  second  members  of  (9)  and  (12)  are  each  zero, 
or  that  tlie  variations  in  question  are  not  due  to  external 
causes,  unless  such  causes,  like  heat,  produce  changes  in 
distribiition  of  the  mass. 

Placing  tlie  second  members  of  (12)  equal  to  zero,  and 
then  multiplying  them  by  Aw^,  Bo)„,  Cwj,  respectively, 
the  sum  of  the  products  gives  the  following  integral : 

(13)  (.ltOi)^-f-(Ba),)^+(CM3)2  =    G2     say 

which  expresses  the  principle  of  the  conservation  of  areas, 
or,  more  correctly,  the  conservation  of  moment  of  momen- 
tum ;  G  being  the  constant  moment  of  momentum,  or 
Poixsot's  "impulsive  couple."  Hence,  if  S,  t],  i^  denote 
the  direction-cosines  of  the  normal  to  the  invariable  plane, 
referred  to  the  moving  axes  of  x,  y,  z,  respectively, 
Awi  Bra.;,        ^  Cmj 

(14)  ^  ^    'G''     ''  ^  "g"'     ^   ^  "^ 

s'  +  r  +  :'  =  1 

With  these  substitutions  (12)  may  be  put  in  the  follow- 
ing form,  due  to  Lord  Kelvix  : ' 


(15) 


These  equations  are  not  independent,  since  ?,  rj,  J  are 
related  as  shown  by  the  second  of  (14). 

The  A,  B,  C,  u,  (^,  y  which  figure  in  (15)  must,  in  gen- 
eral, be  considered  as  functions  of  the  time.  «,  (3,  7  as 
defined  by  (4)  and  (10)  appear  in  the  roZe  of  jjerturbing 
angular  velocities  due  to  changes  in  form  of  the  rotating 
body.  If  definite  values  could  be  assigned  to  these  func- 
tions, and  if  equations  (15)  could  be  integrated,  we  might 
be  able  to  go  back  through  (14),  (11),  and  (7),  and  define 
all  the  circumstances  of  motion  from  any  assumed  epoch. 
But  the  causes  which  give  rise  to  these  functions  cannot  be 
specified  completely  at  present ;  and  we  must  try,  therefore, 
to  assign  them  such  forms  as  will  inchide  the  eifects,  what- 
ever the  causes  may  be.  Fortunately,  several  circumstances 
presented  by  the  earth  render  this  task  less  difficult  than 
it  would  appear  to  be.     In  the  first  place,  the  amount  of 

^See  Appendix  C  to  Darwin's  memoir  cited  above. 


1\ 

G- 

-  rn  +  ^^  = 

0 

^« 

(^ 

--.) 

G- 

-  u-^  +  7?   = 

0 

■§-=■' 

ft 

4) 

G- 

-  (3?  +  atj  = 

0 

the  variation  of  the  latitude  of  any  place  is  very  small, 
less  than  1",  say,  to  use  a  round  number.  Secondly,  theory 
shows  that  the  instantaneous  axis  of  rotation  is  always 
very  near  to  the  normal  to  the  invariable  plane,  the  angle 

between  these  lines  being  very  closely   — -^^  times  the 

latitude-variation.     Thirdly,  we  are  constrained  to  believe 

that  the  principal  moments  of  inertia  of  the  earth  and  tlie 
positions  of  the  i)rincipal  axes  change  very  slowly;  so  that 
for  the  limited  jicriod  of  ])recise  observational  astronomy 
we  may,  as  a  first  approximation  at  any  rate,  consider  these 
moments  and  positions  invarialjle.  Fourthly,  tlie  perturb- 
ing angular  velocities  «,  (i,  y  must  be  very  small  in  com- 
parison with  the  instantaneous  angular  velocity  of  the 
earth.  These  considerations  lead  to  the  following  simpli- 
catiou  of  the  problem. 

From  the  second  of  (14)  it  ajipears  that 
?  =  l-},(^'+,i^+  .... 

Hence,  neglecting  terms  of  the  order   f  (7^+ij-),  «(c^+>/^), 
etc.,  the  first  two  of  equations  (15)  become 


d?   . 

dij 

dt~'^ 
If   we    denote   by 


-y]+^  =  0 


G_G 
B      C 

|-^-r)-«  =  0 


(16) 


^0 '  !/o'  '-0 '  ^^^^  coordinates  of  the 
point  where  the  instantaneous  axis  of  rotation  jiierces  the 
northern  hemisphere,  and  by  r  the  radius  vector  of  that 
point,  the  direction-cosines  of  the  instantaneous  axis  will  be 
given  by 

0), 


(17) 


Z" 

r 

6) 

2/0 

=    ^ 

r 

0} 

h 

Wj 

r 

w 

a- 

=    w^ 

^   =    w^,+  , 


+  0)^ 


01,  or  the  instantaneous  angular  velocity  of  the  earth,  being 
only  slightly  greater  than  w^.  Recurring  to  equations  (11) 
and  (14),  and  observing  that  G  is  very  nearly  the  same  as 
Co),  we  find 


_5 
r 

r 


A  (o 


n^i 


(18) 


Hence,  in  view  of  the  appiroximate  equality  of  A,  B  and 
C,  and  of  the  smallness  of  the  fractions  —  and  - ,  we  may 

0)  0) 

regard  ?  and  ij  as  the  rectangular  coordinates  (in  arc,  or 
radians)  of  the  instantaneous  position  of  the  north  pole  of 
rotation  with  respect  to  the  pole  of  figure  as  origin.  It 
should  be  remarked,  however,  that  the  work  which  follows 
does  not  require  the  assumption  of  near  equality  of  A,  B,  C, 
nor  the  neglect  of  the  ratios  of  «  and  (3  to  a. 
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We  pioceeil  now  to  iutei;rate  (IG)  on  the  assuiniititm  that, 
for  the  limited  interval  of  time  considered,  A,  />',  and  C  re- 
main sensibly  constant.  We  assume,  also,  that  it  and  jj  are 
functions  of  the  time,  tlic  form  of  wliich  will  l>e  s]H'citiiMl 
further  on. 

With  respect  totlie  aiifjular  velufity  ;•  a  tmesiiou  ot  smue 
obscurity  is  presented.  It  would  appear  from  (Id)  and  (11) 
that  •/  must  be  negligible  with  respect  to 

G      G  ,     G 

A'    B'    ''''^    C 
which  do  not  differ   much  from  to,  the  resultant  angular 
velocity  of  the  earth ;  but  whether  ;   is  negligible  with  re- 
spect to  the  differences 

^^and^g-l,) 

is  not  altogether  clear.  Although  we  have  assumed  that 
the  princip.al  axes  of  inertia  are  fixed  in  the  earth,  it  is  con- 
ceivable that  A  and  B  are  so  nearly  equal  that  the  tide 
entailed  by  the  motion  of  the  axis  of  rotation  about  the 
axis  of  figure  would  cause  the  axes  of  A  and  B  to  revolve 
with  an  appreciable  angular  velocity  about  the  axis  of  C ; 
and  in  this  case  y  in  (16)  would  stand  for  that  angular 
velocity.  If  the  motion  of  the  axis  of  rotation  about  that 
of  figure  is  sensibly  uniform,  as  Dr.  Chaxdlek's  investi- 
gations show,  this  value  of  ;■  will  be  sensibly  constant.  We 
shall  assume  then,  for  the  present,  that  /  if  variable  does 
not  sensibh'  affect  the  constancy  of  the  coefficients  of  c  and 
;;  in  (16).  A  little  later  on,  (in  §  5)  it  will  be  shown  how 
an  appreciable  angular  velocity  for  which  7  stands  may 
arise  through  «  and  fj. 

Another  important  question  raised  by  the  coefficients  of 
?  and  r,  in  (16)  is  whether  A  and  B  are  sensibly  equal.  For 
more  than  a  century  it  has  been  customary  to  consider  them 
equal ;  and  it  seems  probable  that  they  are  so,  but  we  shall 
entertain  the  hypothesis  of  inequality  in  order  to  show  the 
effect  of  such  inequality  on  the  so-called  Eulerian  cycle. 
Supposing  A  and  B  uneiiual,  then,  let  us  write  for  brevity 
,  G       G 

(19)  ^.  =  f-^-;' 

Then,  by  elimination,  equations  (16)  give 


(20) 


and  the  complete  integrals  of  these  are^ 

=  p  cos (Xt+P)  -t-  j-  C'f)^n+^^^  sin ;. (t-0  dr 


(21) 


r,    =  p  siaiU  +  P)  +  l.J"(^l^-^y\n).(r-t)dr 


'See,  for  example,  Forsyth's  Differential  Equations,  p.  6-5. 


where  j)  and  P  are  constants  (amplitude  and  jdiase-angle 
respectively)  and  t  is  an  integration  synibcil  wliicli  nmst  be 
replaced  by  t  after  the  integration. 

The  first  terms  of  (21)  specify  motion  of  the  pole  of 
rotation  in  a  circle  with  angular  velocity  ).  about  the  pole 
of  figure.  The  terms  dependent  on  the  r-integration  will 
be  specified  in  §  6.  We  must  first  e"xamine  the  data  which 
have  generally  been  considered  as  determining  the  value  of  ).. 

■i.  27ie  aiiffu/ar  velocit;/  I.  As  stated  above,  it  has  been 
customary  to  assume  that  the  moments  of  inertia  A  and  B 
of  the  earth  are  equal,  and  hence  that  i,  and  ?...  of  (19)  are 
equal.  It  has  also  been  assumed  tliat  this  common  angular 
velocity  can  be  determined  accurately  by  means  of  the  ratio 
of  the  moments  of  inertia  involved  in  the  expression  of 
precession.  The  validity  of  both  these  assumptions  may 
be  fairly  questioned,  especially  since  the  observed  value  of  I 
differs  from  the  computed  value  by  more  than  40  per  cent 
of  the  latter.     Let  us  examine  this  matter  in  detail. 

Precession  furnishes  the  following  ratio  : 


C-\(A  +  B) 
C 
where   0  =  0.0033    approximately, 
readily  find 

1  1  _  _ 

C 


From    this    ratio   we 


(22) 


i,(A+B)  C  C(l-c) 
This,  multiplied  by  G,  which  is  very  nearl}^  equal  to  Coi, 
gives  the  angular  velocity  of  the  Eulerian  cycle,  whose 
period  is  found  from  the  numerical  value  of  r  to  be  about 
30.")  sidereal  days.  It  should  be  observed  that  the  compu- 
tation of  these  values  of  the  angular  velocity  and  cycle 
does  not  require  any  assum])tion  with  respect  to  the  relative 
magnitudes  of  A  and  B.  If,  liowever,  A  =  B,  this  angular 
velocity  makes  l■^  and  L  of  (19)  equal.  But  let  us  suppose 
A  and  B  unequal  and  inquire  what  modification  will  result 
in  the  values  of  ).^  and  h,  and  hence  in  /..  The  answer  is 
that  the  value  of  }.  will  be  less  than  the  angular  velocity 
computed  from  the  precession  ratio  as  above;  or,  in  other 
words,  if  A  and  B  are  unequal  the  Eulerian  cycle  is  too 
short.  To  prove  this,  we  observe  that  (22)  gives  for  the 
functions  of  A,  B,  C,  in  (19) 


\_1 
B       C 

1  _  1 
A       C 

For  brevity  put 


C(l-c) 


B-A 
2BCil^ 
B-A 


0 


C'(l-r)      2.1C(l-e) 


Gc 


h  = 


CO—'-) 

(B-A)G 


(B-A)G 


(23) 


2.-lC'(l-'')        2BC{l-r) 
the  last  member  of  the  la-st  equation  being  permissible  by 
reason  of  the  smallness  of  (B—A)  with  respect  to  A  or  B. 
}^  is  the  angular  velocity  of  the  Eulerian   cycle,  or  the 


M'-y4n 
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velocity  computed  from  tlie  precession  ratio  c.     Substitvit- 
iiig-  tlie  values  from  (2;>)  in  (111)  t\wve.  result 

(24)  L  ^  K+  Oo^r) 

^'  =  n  -  i',,+rr 

Thus  }.  is  necessarily  less  than  A,, . 

It  is  important  now  to  in<juire  how  great  the  ditt'er- 
ence  {II  — A)  would  need  to  be  to  account  for  the  observed 
departure  from  the  Eulerian  cycle.  For  this  purpose  we 
have,  using  the  sidereal  day  as  unit  of  time,  the  following 
data: 


Theoretical  value  of 


Observed  value  of 


L  = 


;i  = 


305 
2^ 
4l'.S 


whence,  sujiposing  for  the  moment  that  j'  is  insignificant, 
we  get  from  (--i) 

((305)-         (428/- i 


/„-  =   A„ 


r   =    (2;7)^ 


Hence 


^0     = 


435 


I 


and  from  the  second  of  (23),  since  G  =  2nC  very  nearly, 
it  follows  that 

B-A   =  ,i,J(l-0 

Thus,  since  c  is  about  0.0033,  it  follows  that  {B—A)  must 
be  in  round  numbers  ji^  part  of  A  or  B  in  order  to  ac- 
count for  the  observed  diminution  of  the  Eulerian  angular 
velocity. 

The  existence  of  so  great  a  difference  as  this  in  the  mo- 
ments A  and  B  appears  to  be  quite  impossible.  Indeed, 
the  best  authorities  hold  that  the  differences  {C—A)  and 
(C—B)  are  only  about  xo\jij  °^  ^  °^'  B;  and  that  the 
difference  (B—A)  is  only  about  ^^^  of  (C—A).^  But  the 
computation  of  the  relative  values  of  the  moments  A,  B,  C, 
requires  the  assumption  of  the  near  equality  of  A  and  B, 
since  we  have  only  two  directly  observable  relations  of  these 
three  quantities.  These  relations  are  that  furnished  by 
precession,  equation  (22),  and  another  derived  from  the 
moon's  motion,  giving  an  equation  of  the  form- 
C—^(A  +  B)   =  constant. 

The  justification  of  the  assumption  of  near  equality  of 
A  and  B  is  found  in  the  fact  that  the  acceleration  of  gravity 
as  observed  by  the  pendulum  does  not  appear  to  depend  on 
the  longitude  of  the  place  of  observation.  Tlie  effect  of  a 
difference  in  A  and  B  on  the  value  of  the  acceleration  of 
gravity  is  expressed  by 


!7 


B-A 

~1T?~ 


cos-  <f'  COS  2i 


where  [/  is  the  equatorial  mean  value  of  the  acceleration, 
31  the  mass  and  r  the  radius  of  the  earth,  and  <f  and  L  are 


'  See,  for  example,  the  treatises  of  Heluert  and  Tisserand  cited 
above. 
2  See  Helmert's  Geodiisie,  II,  pp.  466  -  473. 


the  latitude  and  longitude  respectively  of  the  place  of 
observation.  Since  A  and  B  are  about  .',  Mr^  each,  a  dilTer- 
ence,  {B—A),  as  great  as  ^l^j  of  ./  would  produce  along 
the  equatcn-  a  variation  of  ^J,,,  of  ;/  from  its  mean  value. 
The  limited  data  we  luive  from  pendulum  observations 
would  seem  to  exclude  any  such  magnitiide  for  the  differ- 
ence {B—A),  but  those  data  cannot  bo  regarded  as  conclu- 
sive against  an  appreciable  value  of  {B—A). 

There  is  another  aspect  of  tliis  (luestiou  to  which  atten- 
tion may  be  called,  namely,  that  the  moments  of  inertia 
which  figure  in  the  relations  furnished  l)y  precession  and 
the  moon's  motion  are  not  the  same  moments  which  figure 
in  the  expression  for  the  acceleration  of  gravity  at  the 
earth's  surface.  While  it  does  not  appear  that  the  differ- 
ences of  these  two  sets  of  moments  can  be  appreciable  in 
affecting  the  Eulerian  cycle,  the  information  we  possess  is 
not  suflficient  to  warrant  our  ignoring  this  point. 

We  conclude,  then,  from  the  inquiry  in  this  section, 
first,  that  any  appreciable  difference  of  the  moments  of 
inertia  A  and  B  makes  the  angular  velocity  less  than  the 
Eulerian  value ;  secondly,  that  the  information  we  possess 
though  indicating  the  near  equality  of  A  and  B  is  not 
decisive.  Hence,  without  rejecting  the  hypothesis  of  in- 
equality of  A  and  B  as  entirely  untenable,  we  proceed  to 
examine  another  which  will  account  for  the  observed  dimi- 
nution of  the  Eulerian  angular  velocity  Avitliout  serious 
disturbance  to  our  preconceptions. 

5.  Hypothesis  of  S2)ecia,l  valin's  of  flir  itmiiilar  ri'/nrlfies 
a  and  fJ.  Eef erring  to  ecpiations  (16)  and  (IH),  and  assum- 
ing    J.  =  ?.j  =  A„,     (16)  become 

'  '  +  ;.(/  +  f!   =   0 

(25) 
Ac-  «  =   0 


(/t 
dij 
dt 


The  form  of  these  suggests  that  il  may  undergo  effective 
modification  through  the  perturbing  angular  velocities  a 
and  fi.     Thus  let  us  assume  that 

where  a  is  a  constant  and  it' and  p' are  functions  of  the  time 
as  yet  uuassigned.  Substituting  these  values  in  (25)  tliere 
result 

'''  +;.(!-«),; -I- p^'  =   0 

(27) 
;.(1 -«),--  a'   =   0 


dt 

dij 
dt 


Disregarding  «'  and  pi'  for  the  moment  and  writing  for 
brevity 

;.'  =  ).{!-")  (28) 

the  integrals  of  (27)  are 

?   =  «  cos(AV+P) 

7]  =  J}  sm{l'f+P)  *-"-' 

ji  and  P  being  constants. 
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The  equations  (29),  it  will  be  obseivetl  are  of  precisely 
the  same  form  as  the"  first  terms  of  (21) ;  and  we  have  now 
to  determine  what  value  of  the  constant  a  will  make  I' 
agree  with  the  observed  angular  velocity.  "We  have  for 
the  day  as  unit  of  Time, 

Observed  value  of 

Eulerian  value  of 
whence  by  (28) 


428 


i    = 


305 


J  03         o 

"  =  sis  =  f'^^^^^'i.^- 

Thus,  if  this  hypothesis  is  tenable,  the  constant  a  in  (26) 
and  (27)  should  be  about  S,  and  the  parts  of  the  angular 
velocities  u  and  fj  we  are  here  considering  should  be  of  the 
order  aXS.  Since  c  and  r,  are  certainly  less  than  the  arc  of 
1",  these  angular  velocities  are  of  the  order 
2       2«  1 


305  ■  206  2G5 


or,  in  round  numbers, 


210000000 


of  a  second  of  arc  per 


This  is  equivalent  to  about 
day. 

Such  a  minute  angular  velocity  is  of  the  order  we  .should 
naturally  expect  to  result  from  the  tides  generated  by  the 
rotatii^n  of  the  instantaneous  axis  of  the  earth  about  its 
axis  of  figure'. 

That  the  magnitudes  of  the  corresponding  displacements 
of  the  mobile  portions  of  the  earth  are  not  excessive,  is 
shown  by  the  following  comparison. 

Recua-ring  to  (4)  and  (10)  let  us  compute  tlie  angular 
velocity  which  must  be  given  to  the  atmosphere  in  order  to 
make  /=  —Aa  when  u  =  jj/ per  day.  Tlie  moment 
_4  =  j^ iUr' nearly,  where  Mis  the  mass  and  r  tlie  radius  of 
the  earth.  The  mass  of  the  atmosphere  is  about  one-millionth 
of  J/,  or  J/IO"",  say.  Its  moment  of  inertia,  then,  taken 
relatively  to  a  diameter  of  the  earth  will  be  less  than 
3  M>~  10"".  Hence,  if  w'  denote  the  angular  velocity  re- 
quired, 

/  =   §  i)//-2  m' 10-*  =   ^3I)^H 

■whence,  if  a  =  ^i,"  per  day,  w'  =  2500"  per  day,  which 
is  equivalent  to  a  linear  velocity  along  the  eartli's  surface 
of  about  41  miles  per  day.  When,  therefore,  we  consider 
that  the  mass  of  the  oceans  is  about  two  hundred  times  the 
mass  of  the  atmosphere,  the  angular  velncitics  postulated 
above  present  nothing  surprising. 

It  might  appear  that  the  forms  assumed  for  a  and  j3  in 
(26)  are  too  restricted.  It  is  evident,  however,  from  a 
glance  at  (18)  that  (26)  express  the  parts  of  a  and  §  which 

•  It  appears  that  such  a  tide  lias  been  clearly  made  out.  See  a  paper 
Wy  H.  G.  VAX  DE  S.vxDE  Bakiiuyzex,  Ueber  die  Aenderung  der 
Polfiohe,  Aslronomische  JX'achHcliteti,  No.  3261. 


depend  on  c  and  tj  in  the  proper  form,  since  those  parts 
may  be  figured  as  arising  from  changes  in  the  moments  A 
and  B.     ^Moreover,  we  might  have  assumed 

u  =   -«;.f +«' 

where  a  and  h  differ,  without  any  cliani^e  in  the  form  of 
(20),  as  may  be  seen  by  reference  to  (!'.»),  (20),  and  (21). 

It  appears,  then,  that  in  so  far  as  the  displacements  of 
the  movable  parts  of  the  earth  entailed  by  the  motion  of 
the  instantaneous  axis  about  the  axis  of  figure  are  pro- 
portional to  ^  and  //,  their  effect  is  to  decrease  the  Eulerian 
angular  velocity.  The  specification  of  ecpiations  (26)  ap- 
plies also  to  the  jjossible  distortion  of  the  earth  as  a  whole, 
which  has  been  adduced  by  Professor  Newcomb  to  explain 
the  observed  elongation  of  the  Eulerian  cycle.'  That  some 
such  distortion  occurs  seems  not  improbable ;  but  its  effect 
would  appear  to  me  small  in  conii)arison  with  that  of  the 
mobile  oceans  and  atmosphere.  There  seems  to  be  no  way 
of  evaluating  these  effects  separately,  however,  and  it  must 
therefore  suffice  to  secure  their  proper  symbolic  expression,^ 
leaving  to  observation  the  determination  of  the  constants 
which  are  involved  in  the  final  formidas  for  the  resultant 
motion  of  the  instantaneous  pole. 

However  unsatisfactory  the  evidence  adduced  in  this  and 
the  preceding  section  may  be  in  a  quantitative  sense,  we 
seem  to  be  forced  to  the  conclusion  that  the  Euleriau  cycle 
as  deduced  from  the  the  precession  ratio  is  untrustworthy, 
and  that  it  can  no  longer  be  maintained  as  a  dogma  of 
dynamical  astronomy.  We  seem,  also,  w-hatever  may  be 
the  possible  complete  values  of  the  perturbing  angular 
velocities  a  and  ^,  obliged  to  conclude  that  equations  (21) 
afford  a  correct  statement  of  the  motion  in  question  so  far 
as  concerns  its  general  form.  The  angular  velocity  l,  as 
well  as  the  amplitude  and  phase-angle  which  enter  the  first 
terms  of  the  second  members  of  (21),  appear  to  be  derivable 
by  observation  only. 

We  proceed  now  to  complete  the  expression  of  the  co- 
ordinates c,  5}  of  (21)  by  evaluating  the  T-integrals  which 
depend  on  the  general  values  of  a  and  (J. 

6.  Theoretical  formulas  for  the  coordinates  of  the  pole 
of  rotation.  It  is  easily  seen  that  the  terms  arising  from 
the  T-integration  in  equations  (21)  will  depend  on  the 
forms  assigned  to  u.  and  ^.  In  addition  to  the  case  con- 
sidered in  the  previous  section,  three  others  only  seem  to 
present  themselves  in  the  actual  circumstances  of  the  earth. 
These  are,  first,  that  in  which  a  and  ^  are  due  to  impulsive 
forces,  like  those  developed  by  earthquakes,  volcanic  ex- 

^  Monthly  Notices  of  the  Royal  Astronomical  Society,  March, 
1892. 

-It  would  appear  important  that  such  tidal  observations  as  have 
been  sufficiently  extended  to  afford  trustworthy  data  for  the  evalu- 
ation of  the  tide  corresponding  to  the  motion  of  the  jiole,  should  be 
carefully  discussed  ;  and  that  observations  should  be  made  systemat- 
ically in  the  future  with  a  view  to  disentangling  these  effects. 
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plosions,  violent  storms,  etc.,  which  act  for  short  intervals 
of  time  and  then  cease ;  secondly,  that  in  which  a  and  p' 
are  constant,  as  in  the  case  of  secular  sedimentation,  glaci- 
ation,  etc. ;  and,  thirdly,  that  in  which  «  and  fj  are  periodic 
functions  of  the  time,  as  in  meteorological  disturbances. 

The  results  I  get  for  the  first  two  of  these  cases  agree 
with  those  derived  for  the  first  time  by  Darwin  and  Kel- 
vin, and  considered  in  greater  detail  by  Helmekt  and 
TissKRAND  in  the  works  cited  above.  It  may  therefore 
suffice  here  to  indicate  these  results  without  dwelling  on 
the  analytical  details. 

In  the  first  case,  the  evaluation  of  the  integrals  in  (21) 
shows  that  immediately  after  the  impulsive  disturbances 
the  coordinates  assume  the  forms 


(30) 


?    =    (yy+^y)  (iOsQ.f  +  P) 
,^    =    (p+p')  sin  {It +  F) 


where  p'  represents  the  change  in  amplitude.  Thus  the 
motion  of  the  pole  of  rotation  about  the  pole  of  figure  con- 
tinues circular  with  unchanged  angular  velocity  ).,  but  with 
a  new  amplitude. 

In  the  second  case,  or  that  in  which  a  and  (i  are  assumed 
aoustant,  the  integrals  in  (21)  show  that,  at  a  time  t  after 
any  assumed  epoch 


(31) 


-  Y  +  A  cos(;.f+P„)  +  p,  cos{Xt+P,) 


V  =    -i+J'o  sm().f  +  P„)  +p,  sm().t  +  P[) 

where  jj^  and  P^  are  the  amplitude  and  phase-angle  at  the 
beginning  of  the  time,  and 

2}i  cos  Pi  = 


(32) 


Pi  sinP,   = 


These  show  that  the  pole  of  rotation  follows  the  pole  of 
figure,  and  rotates  about  the  latter  with  the  same  angular 
velocity  ).  as  at  the  beginning  of  the  time,  but  with  a 
changed  amplitude.  It  should  be  observed,  however,  that 
the  ratios  in  (32)  on  which  this  changed  amplitude  de- 
pends, must  have  been  exceedingly  small  during  the  rela- 
tively brief  history  of  precise  observational  astronomy. 
Thus,  for  example,  it  is  impossible  that  the  axes  of  B  and 
C  can  have  turned  gradually  about  the  axis  of  A  by  as 
umch  as  1"  of  arc  during  the  past  century.  This  impossible 
value  for  a  is  equivalent  to  Tj^f^^iy"  per  day ;  and  since  the 
value  of  ).  is  about  iij|2-aa''  per  day,  the  ratio  of  these 
velocities  which  appears  in  (31)  and  (32)  is  in  round  num- 
bers 10~',  which  is  equivalent  to  the  arc  of  0".002  only. 

Much  more  important  than  the  cases  just  considered  is 
that  in  which  u  and  p'  in  (21),  or  a'  and  pi'  in  (26),  are 
periodic  functions,  since,  as  shown  by  a  glance  at  (21),  the 
new  terms  arising  from  such  functions  may  be  large  by 
reason  of  large  factors  introduced  by  the  integration. 


(33) 


The  most  couiiirehensive  periodic  ffjrms  we  can  assume 
for  a  and  p'  are  tlie  following: 

a   =   2:a,,  cos (nixf-\-p„) 
(i  —   2'6„  COS(;nvf.  +  cT„) 

where  n.  —  1,  2,  3,  ....  co  successively ;  /n  and  )■  are 
unassigned  constant  angular  velocities:  and  «„,/',  o  , 
and  <r„  arc  constants.  It  might  seem  that  we  should  as- 
sume n  and  )■  equal,  and,  furtlier,  that  tlu^  ]ieriod  of  each 
is  the  year.'  But  tliere  appears  to  be  no  reason  for  sucli  a 
limitation,  exce])t  that  it  is  one  of  several  ]dausible  liypothe- 
ses  we  may  make  with  respect  to  those  quantities,  hi  view 
of  the  complexity  of  the  causes  whose  effects  are  S])ecified 
by  (33),  the  only  safe  course  in  the  present  state  of  the 
inquiry  is  that  which  appeals  to  observation  for  the  dis- 
covery of  /i  and  V  as  well  as  for  the  determination  of  the 
constants     u„,  />„,  p„,  a-,,. 

Introducing  the  values  of  (33)  in  (21),  assuming 

I   =   }.,   =   I, 

and  performing  the  operations  indicated,  there  result 

cos  (z'/i'  +  p,,) 


t:; rr;  Sin  (nft  +  a-,,) 

'>"„t>- 


(34) 


=  p  sin  at  +  P)-  2: .,     "Z  ,  sin  {iifif  +  pj 

k    11' fX.' 

~,  cos  (iirf  +  crj 


~  1-- 

In  these  equations,  ji  and  P  are  constants  as  already 
defined,  but  they  arise  herefrom  the  sum  of  the  first  term 
in  (21),  and  an  additional  term  of  the  same  form  coming  from 
the  integration.  The  assumption  of  equality  of  ).,  7.,,  ?..,, 
it  may  be  remarked,  affects  the  magnitudes  of  the  constants 
«„,  //„     only,  without  changing  the  form  of  (34). 

Thus,  in  this  case,  which  appears  to  be  the  one  with 
which  astronomy  is  most  concerned,  the  motion  of  the  pole 
of  rotation  is  defined  as  the  resultant  of  three  distinct  types 
of  motion,  namely :  First,  a  motion  in  a  circle  whose  cen- 
tre is  the  pole  of  figure,  with  sensibly  constant  angular 
velocity  ). ;  secondly,  the  sum  of  a  series  of  elliptical  mo- 
tions depiendent  on  the  angular  velocitj' yn ;  thirdly,  the  sum 
of  a  series  of  eUiptical  motions  dependent  on  the  angular 
velocity  »■.  Although  these  series  of  elliptical  terms  are  in- 
finite, it  is  practically  certain  that  a  small  number  of  terms 
will  suffice  to  express  the  observed  motions  of  the  jiole  of 
rotation. 

With  regard  to  the  coefficients  in  the  elliptical  terms  it 
should  be  remarked  that  they  may  assume  quite  appreciable 
magnitudes  from  otherwise  insignificant  causes  if  the  angu- 
lar velocities    I,  /i,  v  are  such  as  to  render   (P— /r^-).  etc., 

'This  restricted  case  has  been  considered  by  IIeljiert.  See 
Astronomische  Nachrichten,  No.  3014. 
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sufficieutl}-  small.'  The  only  practicable  metlioil,  aiipareiitly, 
of  (letenuining  these  coefticients,  as  well  as  the  aiui)litiule 
j>  is  that  afforded  by  precise  observations  of  the  actual  mo- 
tions of  the  pole.  By  this  method  we  virtually  get  the 
values  of  the  coordinates  of  the  instantaneous  position  of 
the  pole,  rather  than  those  of  the  position  of  the  normal  to 
the  invariable  plane,  as  may  he  seen  by  reference  to  (18) ; 
but  it  is  i>robable  that  observation  cannot  discover  the  dif- 
ference between  these  two  positions. 

Without  infjuiring  further  into  the  detiiils  of  the  wide 
variety  of  causes  wliose  effects  are  expressed  by  equations 
(.■}4).  it  may  be  observed  that  certain  of  those  causes  are  of 
such  a  nature  iis  to  lead  us  to  expect  some  changes  both  in 
the  amplitude  p  and  in  the  angular  velocity  i.  of  the  circular 


'  For  example,  if  the  perioils  correspoiuling  to  fi  and  r  are  each  12 
months  (that  correspomlins  to  /  being  14  months),  the  factors  of  n, 
anil  If,  in  (:U)  will  be  T.i'  ;  that  is,  the  ilislurhance  ilopcndent  on  these 
first  terms  will  be  niagnilied  sevenfolil. 


term.  Tlius,  although  the  effects  of  iniinilsive  disturbances 
must  be  small  in  individual  ca.ses,  their  aggregates  for  con- 
siderable intervals  of  time  may  produce  an  appreciable 
change  in  the  amplitude  p.  Changes  may  likewise  occur  in 
J)  through  departures  of  a  and  (i  from  their  average  values 
specitied  by  (33).  Similarly,  the  angular  velocity  ).  may 
undergo  an  ai)precial>le  change  through  changes  in  y  or 
through  irregidarity  of  the  disturbances  considered  in  §5. 

Finally,  we  may  observe  that  eijuatious  (.'t-l)  do  not  ex- 
clude the  specification  of  variations  which  may  arise  from 
causes  external  to  the  earth,  jirovided  such  causes  tind  ex- 
pression in  the  periodic  forms  assigned  to  u  ami  p  in  (3.S). 
For,  from  the  purely  inductive  jtoint  of  view  we  may  regard 
(.'34)  as  affording  a  comiu'ehensive  expression  for  periodic 
variations  in  position  of  the  pole  whatever  may  l)e  their 
causes.  This,  then,  is  an  additional  reason  for  leaving  the 
angular  velocities  //  and  »■  unassigned  in  our  analytical  in- 
vestigation. 
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OK  THE   LAW  OF  RECURRENCE  OF  ECLIPSES  ON  THE 

TROPICAL   YEAR, 

By    JOHN    K.     STOCKWELL. 


SAME   DAY  OF  THE 


The  ancient.s  discovered  two  very  useful  cycles  depending 
on  the  motions  of  the  snn  and  moon.  The  first  of  these 
cycles  dates  from  a  remote  antiqiaty,  and  relates  to  the  law 
of  the  recurrence  of  eclipses.  It  is  called  the  Sams,  and  its 
period  is  223  hmations,  or  about  18  years  and  11  days. 
The  other  cycle  relates  to  the  reciirrence  of  new  or  full 
moons  on  the  same  day  of  the  year.  It  dates  from  the  year 
■i'A'S  B.C.,  at  which  time  it  was  proposed  by  Meton  at  the 
celebration  of  the  Olympic  games,  where  it  was  received 
with  acclamation  by  the  people,  and  adopted  by  all  the  cities 
and  colonies  of  Greece.  It  is  called  the  Metonic  or  Lunar 
ci/de,  and  consists  of  235  lunations,  which  is  very  nearly 
equal  to  19  years.  The  Athenians  adopted  it  for  the  regu- 
lation of  their  calendar,  and  had  it  inscribed  in  letters  of 
gold  on  the  walls  of  the  temple  of  Minerva  ;  and  hence  the 
term  Golden  Numher  which  denotes  the  year  of  the  kmar 
cycle.  "We  shall  now  investigate  these  two  cycles,  and  shall 
also  determine  a  new  cycle,  which  will  be  of  great  use  in  the 
discussion  of  ancient  eclipses. 

According  to  observation,  the  average  length  of  a  lima- 
tion,  or  time  between  two  successive  new  or  fuU  moons,  is 
29.530  587  751 55  mean  solar  days.     We  also  have 

IMean  motions  of 

o 

sun  andmoon  in  longitude  in  a  lunation  =  29.105  616  7892 
moon's  perigee  in  a  lunation  =     3.288  733  8063 

moon's  node  in  a  lunation  =  —1.564  872  5724 

These  motions  are  referred  to  a  fixed  equinox,  and  are 
therefore  not  affected  liy  the  precession  of  the  eipiiuoxes. 

We  shall  denote  the  mean  longitude  of  the  sim  and  moon 
at  the  time  of  new  moon  by  nt,  and  the  longitudes  of  the 
moon's  perigee  and  ascending  node  by  w  and  Si  :  so  that  if 
we  supipose  at  a  given  epoch  that  nt  =  (a  =  Q,  =  0°,  after  223 
hmations  we  shaU  have  nt  =  10°.552  544,  cb  =  13°.387  639, 
and  Q,  =  11  ".033  416.  Therefore,  if  the  sun,  moon,  perigee 
and  node  are  together  at  a  given  time,  after  223  lunations  we 
shoidd  have  nt—o)=  —  2°.835  095,  and  tit—Q,  =  -0°.480  872. 
They  -will  therefore  be  in  very  nearly  the  same  relative  po- 
sitions as  at  first ;  and  all  tlie  eclipse  conditions  will  be  re- 


peated very  nearly  as  they  took  place  during  the  preceding 
223  hmations.  But  since  the  conjunction  of  the  smi  and 
moon  takes  place  after  223  lunations,  0°.480  872  before  they 
arrive  at  the  ascending  node,  it  is  evident  that  the  moon's 
shadow  would  pass  over  more  southern  latitudes  until  after 
a  certain  number  of  periods,  the  node  at  the  time  of  con- 
junction would  have  reached  the  ecliptic  limits,  and  the 
moon's  shadow  would  just  graze  the  south  pole  of  the  earth; 
after  which  the  eclipses  would  cease  entirely. 

It  is  easy  to  find  the  time  required  for  this  series  of 
eclipses  to  take  place.  For  since  the  node  advances  before 
the  line  of  conjunction  of  the  sun  and  moon  by  0''.480  872, 
during  each  period  of  223  lunations,  we  have  only  to  divide 
the  number  of  degrees  in  the  solar  and  lunar  ecliptic  limits 
by  0°.48O  872  in  order  to  find  the  nimiber  of  periods,  and 
consequently  the  time  required  for  that  change  to  take 
place.  Now  the  solar  and  lunar  e(diptic  limits  are  about 
19°. 70  and  13°.35,  respectively.  "We  shall  therefore  find 
the  time  required  for  the  node  to  advance  before  the  line 
of  conjunction  of  the  smi  and  moon  to  the  distance  of  twice 
these  cjuantities,  to  be,  for  the  sun  1477  years,  and  for  tlie 
moon  1001  years. 

If  we  now  continue  to  foUow  the  node  after  it  has  ad- 
vanced beyond  the  ecliptic  limits,  during  a  period  of  5272 
years,  we  shall  find  that  the  moon's  descending  node  has  ad- 
vanced so  far  as  to  be  within  the  solar  ecliptic  limits ;  and 
a  new  series  of  eclipses  will  commence  at  the  south  pole 
and  advance  gradually  to  the  northward  during  each  suc- 
cessive period  of  223  lunations,  until  after  the  lapse  of  1477 
years,  the  shadow  would  pass  beyond  the  earth  during 
another  period  of  more  than  5000  years. 

Since  the  mean  anomaly  of  the  moon  changes  Ijy  2°.8351, 
during  each  period  of  223  hmations,  it  follows  that  the 
character  of  eclipses  in  regard  to  magnitude  in  the  succe.s- 
sive  periods  will  gradually  change ;  and  wiU  ]3ass  from 
longest  to  shortest  duration  in  a  period  of  1145  j-ears. 

We  shaU  now  consider  the  Metonic  or  Limar  cycle,  which 


has  a  period  of  235  lunations. 
6939.6881216  mean  solar  dav; 


Isow 


hmations  contain 


and  19  Jvdiau  years  con- 
(-3) 
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tain  (;9.">0.7.>  days.  Nineteen  years  therefore  exceeds  23o 
lunations  liy  (W.ddl  87S4.  or  by  !">  29™.  This  error  would 
amount  to  one  whole  day  in  sixteen  Metonie  eyeles,  or  304 
years;  an  error  whieh  is  of  no  eonsequence  in  this  investi- 
gation. The  changes  of  the  eelipse  elements  ii-  2o.")  hma- 
tions  are  as  follows: 

The  change  of 

date  is  19  years,  or  Jt     =  (WW'.USS  iL'Ki 

meanlongitudesof  sun  andmooii,or  J/(/  =  —  li°.  1  su ( (."i  I  ."> 
lAigitude  of  moon's  perigee,  or  Jto  =  +o2°.8r)2444  5 
longitude  of  moon's  node,  or  JSi   =    —   7''.74i'30o4  5 

These  changes  are  with  reference  to  a  fixed  equinox ;  aiid 
Uie  motion  of  the  sun's  perigee  has  not  been  taken  into 
account. 

Now  if  there  should  be  a  conjunction  of  the  sun  and 
moon  at  the  notle.  there  would  also  be  a  conjunction  so  near 
the  same  node  after  a  period  of  one  lunar  cycle  that  there 
would  be  an  eclipse.  In  fact,  there  would  be  two  eclipses 
before,  and  two  after  the  conjunction  which  took  jilace  at 
the  node,  ni.iking  five  eclipses  on  the  same  day  of  the  year, 
at  intervals  of  19  years.  We  shall  now  consider  the  relation 
of  the  Metitnic  cycle  to  the  troi)ical  year. 

The  tropical  year  is  equal  to  .S(jo.242  21.S6()  mean  solar 

days ;  and  we  must  now  seek  for  some  relation  of  com- 

mensurability  between  the  length  of  the  tropical  year,  the 

length  of  a  lunation,  and  the  time  of  a  complete  revolution 

of  the  moon's  node.     As  a  residt  of  this  inquiry,  I  tiiid  that 

372  tropical  years  are  very  nearly  equal  to  4601  limations ; 

and  also  very  nearly  equal  to  20  revolutions  of  the  node. 

These  intervals  expressed  in  mean  solar  days  are  as  follows : 

372  tropical  years  are  equal  to  13o870. 10348 

4()<il  lunations  are  equal  to  13r)870. 23425 

2t>  revolutions  of  the  node  are  equal  to  13o870.700 

And  the  change  of  eclipse-elements  in  4601  hmations  are 

Jt  =   1.3.-.870''.234245  ,     Jnt  =   -5°.0571o3, 

z/w  =    +ir.464243,  and  z/ft    =    4-0°.021294 

Ihit  the  precession  of  the  equinoxes  iu   4601  Imiatious 
amounts  to  5°.136  876;  so  that  the  mean  longitude  of  the 


sun  and  moon  when  referred  to  the  movable  e<piinox  only 
changes  by  -t-0°.079  723.  in  a  period  of  372  years.  From 
this  it  follows  that  if  an  eclipse  hapi>ened  on  a  given  day  of 
the  tropical  year  there  would  be  another  eclipse  on  the 
same  day  of  the  tropical  year  372  years  afterward.s. 

Suppose,  for  exanqde.  that  a  conjunction  of  the  sun  and 
moon  took  ])lace  when  the  node  was,  say  19°  in  advance  of 
the  place  of  conjunction.  After  a  jieriod  of  19  years  had 
elapsed  a  second  c,(mjunction  would  take  i)lfice,  with  the 
node  11°.2">5  in  advance  of  the  place  of  conjunction  ;  a  third 
conjunction  would  occur  with  the  node  3°..")10  in  advance ; 
while  a  fourth,  fifth  and  sixth  conjunction  would  occur 
with  the  node  4°.2.3.j,  11°.980  and  19°. 72.")  behind  the  place 
of  conjunction. 

We  shall  now  utiUze  this  theory  in  tlie  search  for  a  tra- 
ditional echpse  of  the  sun  which  is  said  to  have  been  ol)served 
in  ("hina,  and  which  took  place  on  the  day  of  the  autumnal 
equinox,  sometime  during  the  twenty-second  century  B.C. 
The  only  trouble  that  confronts  us  at  the  beginning  of  the 
investigation  is  to  find  an  eclipse  that  took  place  on  the  day 
of  the  aiitiuiinal  equinox,  at  any  other  date.  F<irtnnately 
for  our  purpose,  Oitolzkk's  great  work.  ••Cunun  di-r  F'ln- 
sfernisse,"  supphes  us  with  the  desired  data.  The  earliest 
eclipse  mentioned  in  that  work,  which  occurred  on  the  day 
of  the  autumnal  equinox,  was  that  of  the  year  !>.('.  1039 
October  3.  Three  jjcriods,  of  372  years  each,  would  amount 
to  1116  years.  And  if  we  subtract  this  from  B.C.  1039  we 
get  B.C.  21.55  for  the  year  in  which  an  eclipse  wonld  occur 
on  the  day  of  the  autumnal  equinox,  in  the  twenty-second 
century  B.C.  The  other  dates  are  found  by  adding  multiples 
of  19  years  to  that  date ;  by  which  we  find  that  new  moons 
took  place  in  the  years  2117,  2136.  2155,  2174  and  2193 
B.C.,  on  the  day  of  the  autiunnal  equinox  in  that  century. 
"We  shall  now  examine  more  particularly  the  circumstances 
luider  which  those  eclipses  took  place. 

If  we  put  T  for  the  date  in  days  of  the  Julian*  Period 
on  which  the  conjunctions  took  place,  the  elements  of  the 
several  ecUpses  ^\•ill  be  as  follows,  in  which  the  times  and 
longitudes  are  corrected  for  the  secular  inequalities. 


I 


Date  B.C. 

2193  Oct.  10 
2174  Oct.  11 
21.55  Oct.  10 
2i;5(;  Oct.  11 
2117  Oct.  10 


920713.46471 
927653.15536 
9.34592.84600 
941 532.-5.3662 
948472.22723 


nt  =  n't 
237^0517 

0) 

243!7(115 

247°S217 

267°468 

Precession  from 
.\.D.  1850 

-.5.5°.906 

2.36.8741 

296.5547 

240.04.33 

267.527 

—  .".5.(145 

2.36.6965 

349.3485 

232.2651 

267..5,S7 

—  55.. '!84 

236.5190 

42.1424 

224.4870 

l'(;7.646 

-55.124 

236..3414 

94.9363 

216.7090 

267.706 

—  .54.864 

T  denotes  mean  solar  time  at  Washington,  and  the  longi- 
tudes are  referred  to  the  mean  equinox  of  1850  A.D. 

For  the  first  date  given  above,  the  true  time  of  conjunc- 
tion was  not  far  from  noon  in  China ;  but  since  the  moon 
had  not  reached  the  ascending  node  within  about  11°.  it 
follows  that  the  moon's  latitude  was  nearly  1°  south,  so  that 
no  eclipse  was  possible  at  that  date. 


The  second  eclipse  also  occurred  at  a  favorable  time  of 
day ;  but  the  moon's  latitude  was  nearly  30'  south,  so  that 
the  eclipse  was  ^'isible  only  in  the  southern  hemisphere. 

The  third  eclipse  occurred  at  3''  30''  p.m.  mean  time  at 
\\'ashington ;  and  the  eclipse  was  over  before  sunrise  in 
China.  It  is  evident  that  at  the  fifth  conjunction,  above 
given,  there  was  no  eclij.se,  becau.se  the  moon  had  already 
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passed  the  eclii)tie  limits,  and  no  e(.dii>sL'  was  possible  at 
that  time. 

Tlieve  uiiw  ivmaius  only  the  eclijise  ol'  !'>.<'.  L'l."i(p  (>clolier 
1(1,  to  lir  examined.  That  eclipse  happened  when  the  sun 
was  oil  the  meridian  of  central  China ;  but  the  moon's  lati- 
tude was  so  far  north  that  it  was  iK.twhcre  central.  It  was 
visible,  however,  as  a  [lartial  eelijise  throughout  the  whole 
of  the  Chinese  empire  to  the  northward  of  Canton;  and 
seems  to  completely  satisfy  the  tradition  concerning  it.  At 
the  time  of  the  eclipse  the  sun's  longitude  was  180°  1/5' ;  so 
that  it  really  occurred  on  the  day  of  the  autumnal  e(piino.\. 
According  to  the  tradition  the  astronomers  Ho  and  Hi  were 
put  to  death  for  having  failed  to  predict  it;  and  we  cannot 
but  have  a  feeling  of  sympathy  for  those  unfortunate  as- 
tronomers whose  labors  were  so  abruptly  brought  to  a  close. 
The  explanation  of  this  oversight  of  the  Chinese  astronomers 
is,  however,  not  difficult  to  find.  For  if  we  examine  into 
the  circumstances  of  the  eclipses  which  were  visible  in 
China  about  that  time,  we  shall  find  that  in  the  preceding 
year,  on  October  21,  eleven  days  after  the  autumnal  equinox, 
there  was  a  great  eclipse  visible  throughout  the  whole  of 
China.  It  was  central  and  annular  from  Cabul  in  Afghanis- 
tan to  the  island  of  Hainan  ;  and  was  visible  as  a  large 
eclipse  at  noon  to  the  whole  of  China.  Now  it  is  a  very 
unusual  occurrence  for  the  eclipses  of  tlie  sun  in  two  con- 
secutive years  to  be  visible  at  the  same  place  ;  and  I  venture 
to  believe  that  the  reason  whj-  the  astronomers  Hi>  and  Hi 
failed  to  predict  the  eclipse  of  llC.  213G,  October  11,  was 
because  they  were  thro\ni  off  their  guard  by  the  ecliiise  of 
the  preceding  year.  And  since  the  conditions  affecting  the 
visibility  of  eclipses  of  the  sun  were  not  then  as  well  under- 
stood as  at  present,  they  did  not  even  believe  such  an  event 
possible. 

jMy  attention  was  first  called  to  the  subject  of  this  com- 
mimication  by  an  article  in  the  November  nmiiber  of  the 
Ohscrratonj  for  1894,  which  contained  an  account  of  Mr. 
Ginzel's  attempt  to  determine  the  date  of  the  ^' Ituj-Vrda" 
by  means  of  four  eclipses  which  are  sujjposed  to  be  referred 
to  in  those  sacred  poems.  One  of  those  eclipses  is  said  to 
have  occurred  the  f/itrd  day  Ijefore  the  autumnal  e(|ui- 
nox,  and  was  total,  or  very  nearly  total,  at  Lahore  in 
India. 

The  determination  of  the  date  of  an  eclipse  which  shall 
satisfy  given  conditions,  is  a  very  complicated  proljlem ; 
requiring  a  vast  amount  of  laborious  calculations  in  addition 
to  the  analytical  skill  which  renders  such  a  determination 
l^ossible.  As  an  illustration  of  this  remark,  suppose  it  were 
required  to  find  the  date  of  an  eclipse  of  at  least  ten  digits 
in  magnitude,  which  should  be  visible  at  Lahore  in  India ; 
and  should  also  occur  within  t/iree  dai/s  prt'cedlnij  the  autum- 
nal ecjuinox.  If  we  examine  the  list  of  8000  eclipses  of  the 
sun  wliich  have  been  calculated  and  tabulated  by  Oppolzek, 

Clereland,  1895  Jjo'tl  10. 


and  wliieli  covers  a  period  of  3368  years,  we  shall  find  that 
during  that  long  interval  of  time,  not  a  single  eclipse  has 
occurred  under  the  required  conditions.  It  is  therefore 
necessary  to  ii\isli  the  calculations  far  into  the  past  in  order 
to  iind  an  eclipse  that  will  even  ai)i)roximately  correspond 
with  the  traditional  eclipse.  Mr.  Gixzel,  by  calculating 
the  eclipses  as  far  back  as  the  year  2000  B.C.,  found  only 
one  which  he  was  inclined  to  believe  sufficiently  similar  to 
be  regarded  as  the  true  one ;  and  that  occurred  in  the  year 
]?.(_!.  1978,  October  5,  which  was  the  nirf/i  dai/  licfore  the 
autumnal  e(pnnox,  instead  of  the  th,ird,  as  the  tradition 
requires.  1  have,  therefore,  made  some  efforts  to  find  an 
eclipse  which  was  central  at  Lahore  on  the  thii-d  day  before 
the  autumnal  eipiinox,  at  an  earlier  date  than  was  included 
in  !Mr.  (Jinzel's  investigations.  I'y  starting  with  an  eclipse 
which  occurred  in  H.C.  1123,  Octobei'  1,  which  is  the  earliest 
one  given  by  (  >1'1'olzek,  that  took  jilace  the  third  day  before 
the  autumnal  eipunox,  and  carrying  the  dates  backward  by 
372-year  intervals,  I  find  that  eclijises  might  be  expected  to 
occur  three  days  before  the  equinox  in  the  years  1495,  1807, 
2239.  2011,  2983,  3355,  3727  and  4099  B.(;. ;  and  also  at  a 
number  of  19-year  intervals  on  each  side  of  these  dates. 
Lut  the  only  eclipse  that  was  visible  in  India  on  any  of  these 
dates  took  place  U.(_!.  3784,  October  20,  or  three  19-year 
intervals  before  B.C.  3727,  which  was  foimd  l)y  the  372-year 
intervals.  But  that  eclijise  occurred  when  the  sun's  longi- 
tude was  178°  55';  so  that  it  really  took  place  the  second 
day  before  the  e(punox,  instead  of  the  third.  From  this  cir- 
cumstance it  might  be  inferred  that  the  cycle  of  372  years 
which  I  have  found,  is  not  correct.'  But  such  an  inference 
woidd  be  wrong ;  for  the  cycle  refers  only  to  the  mean  mo- 
tions of  the  siui  and  moon;  and  the  periodic  and  secular 
iuecpialities  which  affect  the  moon's  motion  during  so  great 
an  interval  may  cause  an  eclipse  to  take  place  a  day  earlier 
than  it  otherwise  would.  In  this  case,  however,  it  tofik 
place  a  day  later  than  was  expected ;  but  that  was  due  to 
the  fact  that  the  equation  of  the  sun's  center  at  the  time  of 
the  autumnal  etpiinox  had  changed  by  nearly  1°  20',  between 
the  dates  B.C.  1123  and  B.C.  3784.  It  would  therefore  be 
necessary  to  start  with  an  eclipse  that  took  place  the  fourth 
day  before  the  equinox  during  the  earlier  part  of  Oppolzer's 
^- Canon"  in  order  to  find  one  that  took  place  the  third  day 
before,  3000  years  earlier. 

It  was  once  remarked  by  Del.^mbke  that  if  we  permit 
ourselves  to  deviate  from  the  assigned  date  of  an  eclipse  to 
the  extent  oi  four  years,  either  earlier  or  later,  we  are  almost 
certain  to  find  one  nearly  corresponding  in  its  conditions  -snth 
that  which  was  given ;  but  we  see  from  the  preceding  dis- 
cussion that  he  must  have  been  slightly  mistaken,  since  we 
have  extended  our  search  through  a  period  of  nearly  6000 
years,  and  have  failed  to  find  one  which  completely  satisfies 
the  required  conditions. 
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NOTES  ON  VAKTABLE   STARS.— No.  8, 
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yrtr  ]'iiri'iiili:  in  i'rhi.i  {!>o'i ).  Ill  tlie  tii'St  redm-tioii  of 
the  ol)servations  of  845  J{  Cetl,  in  .Taimarv,  the  comparison- 
star  DM.  — 0''365  was  included.  Upon  recording  the  indi- 
vidual observations  in  order.  I  discovered  that  this  star  was 
itself  a  short-period  varialde.  It  was  therefore  rejected  as 
a  comparison-star,  and  during  February  and  JIarcli  was 
observed  as  a  variable.  In  the  following  table  of  Indi- 
vidual Observations,  there  are  tliree  in  1SS7,  derived  from 
the  Harvard    M.P.    observations    (Vol.  XXIV).     .My   own 

Rksults  of  Observations 


early  photometric  observations  of  this  star  include  five 
dates,  one  of  which,  luesuuiablj-  tlie  first,  is  unknown. 
From  the  observations  of  the  present  j^ear  I  deduced  three 
ma.\ima  and  four  minima,  with  a  period  of  1S.5  days. 
From  this  light-curve  and  ajipro-xiinate  period,  I  derive  the 
first  three  maxima  given  below.  Including  these  obser- 
vations, I  derive  the  elements:  2395.2  +  18.54^';  (.!/—/«) 
=  12.1  days.  Several  days  of  the  rise  are  consumed  by 
an  intermediate  descent  of  unknown  extent  ami  duration. 


Obsi' 

■veil  Dale 

Xo. 

.star 

Phase 

Julian 

Calendar 

E 

C'orr. 

W 

8153 

K  Lneertae 

Max. 

3051 

18»)-S 

Aug.   10 

14 

-  3 

3 

8230 

S  Aijiutril 

Min. 

— 

Oct. 

_ 

_ 

_ 

8290 

Ji  Pfi/asi 

Min. 

2498 

Feb. 

3 

41 

0 

1 

t( 

ii 

.Max. 

3019 

July 

9 

42 

-.30 

1 

8373 

Sr>-;/'ix! 

Min. 

3179 

Dec. 

k; 

35 

0 

S 

8512 

Ii  AijiDiril 

Min. 

3225 

Jan. 

31 

79 

0 

0 

8597 

V  Ceti 

Min. 

_ 

Jan. 

22 

8600 

R  Ciisslopeae 

Min. 

3252 

Feb. 

27 

35 

—   7 

3 

103 

T  Andromedue 

Max. 

3169 

Dec. 

6 

54 

+  3 

S( 

107 

T  Ca.isiopeue 

Min. 

3151 

Nov. 

18 

20 

-43 

5 

434 

S  Pif:riiim 

Max. 

3097 

Sept 

25 

26 

-47 

1 

460 

I'  I'i.<r!i(m 

Max. 

3249 

Feb. 

24 

32 

_ 

_ 

513 

R  Pisritim 

Max. 

3255.0 

:Mar. 

•"> 

30 

+  3 

6 

782 

R  Ai-'otis 

Jlin. 

3196 

-Ian. 

•> 

56 

-14 

6 

806 

0  Ceti 

Max.  A 

3237 

Feb. 

12 

31 

+  30 

9 

ii     ' 

It 

-Alax.  B 

3248 

Feb. 

23 

31 

+  41 

9 

i( 

•' 

Max.  C 

3256.2 

:Mar. 

3 

31 

+  49 

9 

845 

RCeti 

]\[in. 

3145 

Xov. 

12 

61 

0 

2 

(( 

ii 

Max. 

3220.8 

Jan. 

26 

61 

+   6 

9 

(857) 

-  Ceti 

Max. 

0616 

Dec. 

10 

-96 

+   1 

2 

u 

ii 

Max. 

2080 

Dec. 

13 

-17 

0 

1 

» 

ii 

Max. 

2.394 

Oct. 

22 

0 

-   1 

4 

« 

ii 

Max. 

.3211.5 

Jan. 

17 

44 

0 

2 

tc 

it 

Min. 

.3218.5 

Jan. 

24 

45 

+   1 

5 

It 

i( 

Min. 

.3237.3 

Feb. 

12 

46 

+   1 

5 

« 

it 

Max. 

3248.2 

Feb. 

23 

46 

0 

8 

« 

ii 

Min. 

3253.3 

Feb. 

28 

47 

-  1 

4 

(( 

ii 

Max. 

3268.6 

Mm: 

15 

47 

+  2 

3 

« 

it 

Min. 

3272.5 

Mar. 

19 

48 

-   1 

2 

893 

UCeti 

Min. 

3173 

Dec. 

10 

16 



4 

906 

R  Trill  ni/u/i 

Max.  A 

3216 

Jan. 

22 

6 

+  3 

9 

ii 

••' 

Max.  B 

3245.2 

Feb. 

20 

6 

+.32 

9 

1113 

U  Arietis 

:Max. 

3135.7 

Xov. 

2 

2 

-30 

9 

1222 

R  Perse i 

Max. 

3233 

Feb. 

8 

58 

+  13 

5 

Kciimiks 


Invisible  for  more  than  three  months 

F;icnients 

May  have  been  earlier 

(M—m)  =  143.     Corresponds  with  :JS(>2  in  A.J.  314 

Assumed  ;  but  either  later  or  brighter  than  last  year; 

A.J.  314 
Invisible  for  more  than  two  months 

Yendell's  elements,  .I.J.  335 

Infrequent  observations 

May  have  been  earlier 

Elements  ;  probably  at  least  10  days  later 

liapid,  but  regular  changes 

Apjiroximately  corresponds  with  .[.J.  314 

Brighter,  l)ut  not  so  marked 

Still  brighter;  possibly  still  another  lost  in  the  west 

Approximate  min.  li^.O 

Correction  the  same  as  in  .1..7.  314 

1S87:  possibly  nine  days  later 

1891 

1S92 

liise  not  observed 

Cloudy  next  day  to  min. 

Cloudy  at  the  min. 

Steep  rise  and  fall  for  seven  successive  days 

Itise  lost  in  the  clouds 

Cloudy  at  max. 

Rise  lost  in  the  horizon 

Corresponds  with  (M — tn)  =122  days 

'l"he  light-curve  remarkable 

Xeither  max.  as  bright  as  that  in  November,  1S02 

Much  brighter  than  last  year 

t)bs.  of  Feb.  21  apparently  too  bright;  A.J.'i\9 


Individual  Obseevations. 


8153  R  Lacertae. 
(Continued  from  314.) 
Julian    Calendar        Mag. 


3019 
30.')S 
8062 
3070 


Jidy    9 

Aug.  17 

21 

29 


10.8 
9.7 
9.6.5., 
9.9.5,, 


82.30  S  Aquarii. 
(Continued  from  314.) 


8290  R  Perjasi. 


.Julian    Calendar 


247 


.Julian    Calendar         Mag. 

.1  181H  " 

3097     Sept.  25  to  12481 

3208     Jan.  14       12.0]  2499 
11  dates.  j 

3019 


I'.itt 
Jan.    ,s 
17 
Feb.     4 

Julv    9 


Mag. 

11.7] 
11.7] 
12.4] 


I  S290  RPeff(,s!.-voM.  \  8373  SPer/asi. -Cont 
Julian    Calendar         Mag.     Julian    Calendar       Mag. 

3026     Julv  16 
3058 


Aug.  1 1 


8373  S  Perjdsi. 

(Coiitliuicd  from  .^14.) 
I  isin 

7.85^.3079     Sept.    7       lo.l 


7.99..  3097.5  Sept.  25 
9.40.,  310S.()  Oct.     6 


11.81, 


311 


.'.o 


20 


1 31 .34.6  Nov.    1 
314'.t.5  16 


12.1 
12.20., 
12.9.5!; 
13.4  ■ 
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8373  S  Pi-;/ilsi.  —  l\mt. 
Mai;. 


Julian    CaliMulai- 
ll  is'.n-.-. 

3152.5  Nov.  19 
3177.5  Dee.  14 


It'o    'T  Ami  full. 
.hilian    Calemlar 


31S3.5 
3190.5 
320(;.5  Jan, 
3208.5 
3214.5 
3216.5 
3218.5 
3236.5  Feb.  11 


20 
27 
12 
14 
20 
22 
24 


13.24. 
13.5 
13.3] 
13.5 

i;!.2] 

13.4 
12.9] 
12.8 
12.6 
12  2 


8512  R  Aquar'ii. 
(Continued  from  314  ) 

lSW-6 


3122.5  Oct.  20 

9.1 

3134.6  Nov.    1 

9.1 

3152.5           19 

9.3 

3178.5  Dec.  15 

10.4(;. 

3188.5           25 

10.1  " 

3190.5           27 

10.1 

3206.5  Jan.  12 

10.3 

3213.5           19 

10.4 

3214.5           20 

10.42 

3217.5           23 

10.47 

3220.5           26 

10.7 

8597  VCet 

i. 

(Continued  from  .314.) 
3109.5  Oct.     7       10.9  : 

3122.5           20 

12.3 

3134.6  Nov.    1 

12.9 

3152.5           19 

13.1 

3158.G  Nov.  25  tc 

3221.5  Jan.  27 

13.0] 

6  dates. 

8600  R  Cassiojjeae. 

(Continued  from 
3225.5  Jan'.'si 

314.) 

10.0 

3239.5  Feb.  14 

10.3 

3246.6           21 

10.9 

3256.5  Mar.    3 

10.70. 

103  TAiidromediie. 

ISW 

3079     Sept.    7 
3097.6           25 

11.0] 
12.4 

3103.6  Oct.     1 

11.8 

3108.6             6 

11.63 

3122.6           20 

11.42. 

3135.5  Nov.    2 

10.27: 

3147.6           14 

9.63.. 

3159.5           26 

9.15; 

;U6().5  Dec. 

3169.5 

3177.5 

."180.6 

3186.5 

3194.5 

107  TCi 


6 
14 
17 
23 
31 


-  Com. 
Mag. 

8.81,, 
8.83: 
9.16. 
8.95! 
8.93! 
9.35; 


sod  oCrti. 
(Continued  from : 
.Julian    Calendar 

ll  18'.H-5 

3180.5  Dec, 
318(!.5 
3194.5 
3198.5  Jan 
3211.5 


iiKsiiineai'. 


3109.5  Oct.  7 
3122.5  20 
3I35.0N0V.  2 


3155.5 
3162.5 
3166.5  Dec. 
3181.5 
3190.5 
3208.5  Jan. 


22 

29 

3 

18 

27 
14 


11.4 

11.1 

12.8 

12.62, 

12.93; 

I2.6O: 

12.9  ' 

11.4 

10.5 


434  SPlsciui 

ISM 

3097.6  Sept.  25 
3108.6  Oct.  6 
3122.6  20 
3134.6  Nov.  1 
3149.5     16 

466  UPisr, 

3211.5  Jan!''l7 
3221.5  27 
3223.5  29 
3239.5  Feb.  14 
3247.5  22 
3256.5  Mar.  3 
3258.5     5 


9.6 
10.0 
10.53. 
10.8 
11.5 


12.75, 

11.5 

11.97. 

11.29! 

11.15' 

11.11.' 

10.75, 


513  R  Piscium. 
(Continued  from  314.) 

1895 

3239.5  Feb.  14  8.92. 
3247.5  22  7.74! 
3256.5  Mar.  3    6.85. 


358.5 


3265 


r.9i 


782  R  Arietis. 


3166., 


3182.5 
3194.5 
3208.5  Jan. 
3218.5 
3239.5  Feb. 


lS'.)4-5 

1  Dec.  3 
19 
31 
14 
24 
14 


11.6 
13.4 
13.8 
13.5 
13.4 
11.6 


3213.5 

3214.5 

3216.5 

3217.5 

3218.5 

3220.5 

3221.5 

3223.5 

;5224.5 

3225.5 

3229.5  Feb. 

3235.5 

3236.5 

3238.5 

.32.39.5 

3240.5 

3242.5 

3243.5 

3245.5 

3247.5 

3248.5 

3249.5 

3250.5 

3251.5 

3256.5  Mar. 

3258.5 

3259.5 

.3262.5 

3263.5 

3267.5 


17 
23 
31 

4 
17 
19 
20 
22 
2.3 
24 
26 
27 
29 
30 
31 

4 

10 

11 

13 

14 

15 

17 

18 

20 
'>') 

23 

24 

25 

26 

3 

5 

6 

9 

10 

14 


!14.) 
Mag. 

8.1 

8.81., 
8.24.: 
8.20" 
7.07., 

6.81 : 

5.6;!: 

6.S1.; 

5.79,: 
6.00,, 

5.6.'i 
5.46: 
4.51: 
5.64: 
5.:!2: 
4.6I: 

4.5(;; 
;i87; 
3.95: 
4.33; 
4.4;{; 

5.41; 
5.27' 
4.59, 
3.90' 
3.67. 
4.08' 
4.42: 
4.37' 
3.5i: 
3.93 
4.69: 
;!.86' 
3.92' 
4.32' 


8I.-1  1;  Crfi- 
Julian    Calendar 

1 1  IMW. 

3221.5  Jan.  27 
3223.5     29 

3224.5    ;;o 

3229.5  Feb.  4 


-Cont.   I     893  UCetl. 

Ma;;. '.Julian  Calendar   Mag. 

7.44„'3]35.5Nov.  2 
7.4 1:3 152.5  19 
7.44:!;il53.5  20 
7.98:!3158.(;     25 


(857)  -Cetl 


0(;12  Dec.  6 

0618  12 

0619  13 

lSOl-2 

9 \> 

207()  Dec.  9 

-373  Oct.  1 

2396  24 

2398  26 


'  Jan. 


845  R  Ceil. 
(Continued  from  314.) 


3097  Sept.  25 
3122.6  Oct.  20 
3134.6  Nov.  1 
3158.6  25 
3180.5  Dec. 
3186.5 
3211.5  Jan. 
3213.5 


3214.5 
3216.5 
3217.5 
5218.5 
3220.5 


17 
23 

17 
19 
20 
00 

23 
24 
26 


10.6 
12.4: 

12.5] 

12.5] 

11.7 

11.13,, 
8.29: 
8.49: 
8.00: 
7.84; 
7.69., 
7.64: 
7.00: 


3213.5 
3214.5 
3216.5 
3217.5 
3218.5 
3220.5 
3221.5 
3223.5 
3224.5 
3235,5 
3236.5 
.3238.5 
3239.5 
3240.5 
3241.5 
3242.5 
3245.5 
3246.6 
3247.5 
3248.5 
3249.5 
3250.5 
3251.5 
3252.5 
3256.5 
3258.5 
3259.5 
'3262.5 
3263.5 
3267.5 
3269.5 
3270.5 
3271.5 
3272,5 
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19 
20 
22 
23 
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26 
27 
29 
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11 
13 
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24 
25 
26 
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4^ 

5 

6 

9 

10 

14 

16 

17 

18 

19 
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29 


3181.5  Dec.  18 

3188.6  25 


10.6 

11.4 

1 1 .62„ 

11.8  ■ 

12.49., 

12.0]' 

11.86., 


S.61„M 
,s.41:m 
8.6CM 

8.55 
8.34., 
8.71 
'8.15,, 
8.73" 

7.92 
8.29 
8.39 
8.62 
8.90 
8.74 
8.83 
8.42 
8.39 
8.42 
8.4S« 
8.86, 
8.88, 
8.24, 
8.34, 
8.45, 
8.73, 
8.53. 
8.39, 
8.14, 
8.08, 
8.24, 
8.52, 
9.06, 
8.7:" 
8.34, 
8.45: 
8.58: 
8.62: 

8.5i: 

8.25: 

8.21., 
8.72: 
8.8O: 
8.99,, 


90  ()  I!  T 

riiinrjuli. 

(Continued  from 

314.) 

3194.5  Dec. 

31 

9.0 

3211.5  Jan. 

17 

8.13,. 

3213.5 

19 

6.91., 

3214.5 

20 

6.75: 

3216.5 

v> 

7.2I2 

3217.5 

23 

6.64., 

•!218.5 

24 

7.57„ 

3220.5 
3224.5 

26 
30 

7.2]^ 
6.77„ 

3236.5  Feb. 

11 

6.38., 

3238.5 

13 

6.53, 

3240.5 

15 

6.40., 

3246.6 

21 

6.27.. 

3249.5 

24 

6.15., 

3256.5  Mar 

3 

6.89., 

3262.5 

9 

6.93., 

3269.5 

16 

7.1  (i 

1113  U Arietis. 

(Continued  from 

314) 

3097.6  Sepi 
3101.6 

.25 
29 

9.5 
9.12,, 

3113.6  Oct. 

11 

7.45: 

3122.6 

20 

7.91. 

3124.6 

09 

7.32' 

3134.6  Nov 

1 

7.3.3,, 

3135.5 

*> 

7.261 

3136.6 

3 

7.21; 

3147.6 

14 

7.74; 

3153.5 

20 

7.42: 

1222  R  Pn-sei. 
(Continued  from  319.) 


1800 

3211.5  Jan.  11 


3214.5 
3225.5 
3238.5  Feb. 
3246.6 
3258.5  Mar. 


20 
31 
13 
21 
5 


9.58„ 
9.561 
8.99: 
9.35.: 
9.09: 
9.71: 


Compaeisox-Stars. 


103  T  Amh-omedae. 
F     +26°40       8.51 
/     +25°37       7.98 
./     +2(;°42       8.76 
R     +2(r37       9.26 


103  T  Awl ro, II. -Cont. 

\Z     4-26°48     10.55     7 

a     2ii2flZ    10.66     5 

k     InSf    V    12.55     2 


lA' 
A' 
Y 


893  UCfti. 
-l;!°481       8..50 
-13°483      8.46 
-13°474    10.22 
-l.r476    10.(i4 


I        893   U  Crti.-Vor^X. 

1  II'    -13°484     10.70  I 
1|    Z    -i;r478    11.U6  1 

2  «   7f          V   11.49  4 
4'     ri    5/-           e    11.76  4 
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OliSKKVATlOXS  OF   SUSPECTi:i)    \AiilAliLES,  I8i»:}-1)5, 


By  PAl'L   S.  YEXDELL. 


(5)     —  Ceti. 
Since  the  notice  of  this  star,  published  in  No.  321  of 
this  Journal,  I  have  observed  it  four  times,  as  follows: 

18114  Oct.  22  S^S 

28  S.S 

Nov.  19  8.i) 

Dec.  17  9.0 

These  observations  afford  no  evidence  of  variability. 

(780)  —  F,'nt,'l. 
From  1894  Jan.  7  to  April  25,  and  Sept.  21  to  1895  Jan.  27, 
I  observed  this  star  twenty-six  times.  The  estimates  cover 
a  range  of  six  and  a  half  steps,  the  greatest  deviation  from 
the  mean  being  4  steps,  and  the  average  1.4  steps,  lu  view 
of  the  star's  decided  color,  I  am  strongly  of  the  opinion 
that  its  light  has  been  practically  constant  during  the  year 
1894. 

DM.  59°594. 
1{.A.  =  •2'>  oe""  11".2        Decl.  =  +59°  55'.4     (1855) 
This  is  No.  849  of  Espix's  "  Stars  with  Remarkable  Spec- 
tra "  (..4»-«r.  iVnc/t»\,  3232).     EsPiN  gives  the  magnitude  as 
8.6.  and  notes  ''Var?"     I  have  observations  as  follows: 

1894  Nov.    2     g^'s 
Dec.  25     9.6 

1895  Jan.  17     9.4 

27  9.4 
Feb.  IG  9.3 
Mar.    5     9.2 

No  evidence  of  variability. 

(1279)     —  Camelopardalis. 

My  observations  from  1894  Nov.  3  to  1895  April  21  seem 
to  settle  the  doubt  regarding  this  star,  in  favor  of  the  reality 
of  its  variation. 

As  deduced  by  the  same  scale  applied  in  my  notice  on 
this  star  {A.J.  321),  the  observed  magnitudes  are 

1894  Nov.  3  7.97 
Dec.  19  8.02 

1895  Jan.  27  7.80 
Feb.  16  7.68 
:Mar.  5  7.63 
Apr.  21  8.45 

Taken  in  connection  with  vay  observations  of  March  and 
April  1894,  these  observations  show  too  great  a  change  to 
l>e  imputed  to  the  influence  of  the  star's  color,  and  I  feel 
fairly  certain  that  the  observed  variation  is  real. 

(1801)     —  CamclopanlaUs. 
Between  1894  Nov.  2  and  1895  March  21, 1  have  observed 
this  star  nine  times,  as  follows : 


1894  Nov.    2  S.S 
Dec.  17  S.r. 

20  8.9 
22  8.6 

1895  Jan.  17  S.7 

27  8.9 

Feb.  16  8.7 

I\Iar.    9  8.7 

21  8.(1 

These  observations  afford  no  eontirmation  of  the  star's 
variability. 

(5076)     —  Jloutis. 
Since  the  observations  published  in  No.  321  of  this  Jour- 
nal, I  have  observed  this  star  six  times,  as  follows  : 

lSi)4  June    .1  '.U 

20  9.2 

25  9.3 

July  26  9.4 

Aug.    5  9.4 

1895  Mar.  18  9.0 

Although  the  observations  made  during  the  summer  of 
1894  show  a  slight  apparent  decrease,  the  deviations  from 
the  mean  light  observed  since  1893  Aug.  22  afford  no  con- 
firmation of  the  star's  variability. 

(0749)     _  Scut!. 
My  observations  of  this  star,  from  1 894  June  23  to  Sept.  23, 
five  in  number,  indicate  that  the  star  was  constant  at  7".l 
during  the  time  covered  by  these  observations. 

DM.  21°3909. 
R.A.  =  19''  41™  1'.9        Decl.  =  +21°  25'.1     (1855) 
This  is  No.  887  of  Espin's  list,  above  referred  to.     He 
notes  it  as  "  Var  ?" 

My  observations  from  1894  July  3  to  Nov.  2  do  not  sup- 
port the  assumption  of  variability  ;  they  are 


1894  July     3 

7.9 

Aug.  26 

7.9 

Sept.  23 

7.9 

Nov.     2 

8.0 

D.M.  25°4126. 
R.A.  =  20''  3'"  .W.3        Decl.  =  +25°  51'.8     (1S.55) 
This  is  No.  895  of  Espix's  list  above  quoted,  and  noted 
"  Var  ?"     I  have  observations  as  follows : 

1894  July     3  9r4 

Sept.  23  9.2 

Nov.    2  8.9 

Dec.  17  8.8 

The  evidence  seems  to  favor  variability,  but  is  not  decisive. 
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(7238)     —Ci/<jni. 
Since  the  observations  of  tins  star  imblished  in  this  Jour- 
nal, No.  321,  I  have  six  observations,  as  follows : 

1893  Oct.    17     U/J 

2')  8.(1  (full  moon) 

Dec.  28  9.2 

1894  May     9  9.1 
June  13  8.6 

No  certain  evidence  of  varialiility. 

(7279)     —  Cijrini. 
Five  observations,  from  1894  July  3  to  Dec.  19,  are  not 
decisive ;  they  are 

]894Julv    3  9^3 

Sept.  23  9.2 

Nov.    2  9.0 

Dec.  17  8.8 

19  8.8 

(8106)     —Pef/asi. 
I  looked  for  this  star  three  times  in  1893,  and  four  times 
in  1894,  and  have  only  once  thought  1  saw  anything  in  its 
place.     The  observations  are 

1893  Sept.  G     <lo"o 
Oct.    o     <  10.0 

31     <11.0 

1894  Sept.  6     <  10.0 

23     seen,  12"  ± 
Oct.  22     <11.0 
Dec.  17     <11.0 

DM.  59°594. 
R.A.  =  2^  .56'"  11^2         Decl.  =  +.59^  5o'A     (IS.5.5) 
This  is  No.  849  of  Espin's  list  of  stars  with  remarkable 
spectra,  above  quoted.     Espin  notes   spectrum  Type  III, 
«  Var  ?" 

Seven  observations,  from  1894  Nov.  2  to  1895  April  15, 
show  an  average  departure  of  only  0*'.07  from  a  mean  ob- 
served magnitude  of  9". 39,  and  give  no  evidence  of  varia- 
bility in  the  star.  Its  DM.  magnitude  is  9". 5.  Espin's 
estimate  8  ".6. 

DM.  17°1973. 
R.A.  =  8"  l""'  12«.9        Decl.  =  +17'  46'.9     (18.55) 
This  is  No.  1303  of  the  Potsdam  Photometric  Catalogue, 
and  specially  designated  in  the  notes  as  suspicious.     I  have 
seven  observations,  as  follows  : 

1895  Jan.  27     7.25 
Feb.   11     7.75 

13     7.9 
20     7.9 
22     7.3 : 
Mar.    5     7.4 
16     7.35 
28     7.85 
Apr.  21     6.8 
The  star's  color  is  given  by  M.  &  K.  as  R.     My  two  ob- 
servations make  it  6". 7  on  Chandler's  scale  of  color.     In 
Dorchester,  1895  AjJril  26. 


view  of  this  circumstance,  and  tlie  fact  tliat  between  the 
observation  of  March  28  and  that  of  Ajiril  21  tlie  hour-angle 
under  which  the  star  was  observed  chang(.Hl  from  East  to 
West,  I  do  not  consider  its  variability  certainly  confirmed 
by  these  observations. 

(562((j     —  Lllinte. 
I  have  three  observations  of  this  star  in  1893,  three  in 
1894,  and  one  in  1895.     Tliese  show  an  average  departure 
of  O.ll)  from  a  mean  magnitude  of  7.5.     The  star  is  sensibly 
wliite.     Probably  constant. 

D.M.  5(t°2251. 

I!..\.   =   16''  0"'  10".-         Decl.   =  -f  50°  .54'     (Us.55) 
EspiN  announces  the  variability  of  this  star  in  Wi'lshnj- 
ham  Circular,  No.  39. 

I  observed  it  on  1894  Sept.  23,  and  found  it  8". 7,  being 
0>'.l  brighter  than  J^M.  50°2250.  On  observing  it  again 
on  1895  April  23,  it  was  found  at  least  six  steps  fainter  than 
the  same  star,  and  two  steps  fainter  than  DM.  51°2053, 
9.4,  and  its  magnitude  was  estimated  as  9". 5. 

Considering  the  position  of  the  first-named  comparison- 
star,  about  3'.5  preceding  the  suspected  star,  the  relative 
change  appears  to  me  to  admit  of  no  doubt,  and  I  consider 
the  star's  variability  as  certain,  although  its  color,  from 
one  observation,  is  about  6.3  of  Chandler's  scale  of  redness. 

R.A  =  17'>  54"'.3         Decl.  =  +58°  14'     (1900) 
EspiN  (  Woh.  Clr.  No.  41)  finds  an  8  magnitude  star  (not 
in  DM.)  in  the  above  position ;  spectrum  of  Type  IV,  and 
very  ,red.     I  have  observations  as  follows  : 

1894  Dec.  13     sle 

15     8.7 

1895  Jan.     2     8.6 
Apr.    23     9.5 

These  observations,  while  not  quite  decisive,  appear  to 
favor  the  star's  variability. 

DM.  14°3765. 
R.A.  =  IS"  .56'"  0»        Decl.  =  +14°  21'.7     (1855) 
My  attention  was  called  to  this  star  in  September,  1894, 
by  Dr.  Ch.^ndler,  in  a  private  letter.     I  have  observations 

as  follows :  „ 

1894  Oct.    1     7.7 

5  7.3: 

6  7.3 

7  7.1 
11  7.1 

18  7.1 

19  7.1 
22  7.1 
27  7.0 

Nov.    2  6.9 

16  6.8 

Dec.    4  7.0      ■ 

1895  Apr.  23  7.7 

The  star  is  sensibly  wliite,  and  its  variation  appears  to 
me  certain. 
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(JN    Till-:   LO(.lCAl.    MXKSSITY  THAT  ATTliACTION  OF  GKAYlTxVTlOX.  IF  IT 
DEPENDS  OX  THE  DISTANCE,  J/fr^T  BE  AS  THE  INVERSE  SQUARE* 

l!v  (HAS.   II,   KIMMELL,  I'. S.  Coast  anii  Geodetic  Suhvey,  Wash  i.m;  ion,  D.C. 

the  exiioiieiit  of  i:  '2  +  {i  insteiul  of  2,  we  cliaiige  the  ilinieu- 
sioiis  of  tlie  latter  to  i  —  fi  (limeusioiis.  Of  this  it  is  iiiijios- 
sible  to  form  any  eoncciition,  aii<l  is  tluMcfurc  iiiailiuissihle. 


In  tlie  important  l)ook.  reeently  iml)lisheil  hv  I'lof.  Simon 

Newi'omi!,  on  the  FiuuUunental  Constants  of  Astronomy,  on 

page  118,  Prof.  Hall's  hypothesis  of  a  moditieatiou  of  the 

hiw  of  attraction  is  given,  whose  purpose  is  to  account  for 

the  secuhir  motion  of  tJie  line  of  apsides  of  Mcnur;/,  and 

which  consists  in  supposing  that  in  tlie  expression 

m  III' 
force    = 

/•" 

the  exjjonent  n  is  not  exactly  1.'  but  2  +  fi.  d  V>eing  a  very 
.small  fraction,  and  which  I'rof.  Newcomh  gives  to  be 
U.O(KKi(<Olo74.  The  original  article  in  which  Prof.  Hall 
proposes  this  modification,  apjieared  iu  the  Astronomical 
Joiiniiil  of  June  1',  1894,  and  has  fouiul  already  a  critic  in 
Mr.  H.  Seehgek,  in  a  recent  number  of  tlie  A.ttroiionihc/ie 
Naehrlfhten.  This  author,  after  giving  a  modification  of 
the  Newtonian  law  of  his  own.  mentions  Hall's  hyi)0thesis 
as  insuthcient  because  it  would  involve  corresimndiii.i;-  move- 
ments of  the  perihelia  of  the  other  jdanets  and  the  moon, 
far  exceeding  facts.  Thus  he  objects  to  Hall's  hypothesis 
on  jjnrely  arithmetical  grounds.  But  there  is  a  logical  ob- 
jection to  it,  which  makes  it  inadmissible,  even  if  it  would 
remove  all  anomalies. 

The  well-known  analytical  expression  for  any  force, 

dr  (Ps  ,      ,. 

force  =   III  —    =  m  -—   =  mass  X  acceleration 
(It  (If- 

implies  that  a  force  is  proportional  to  the  mass  that  causes 
it,  and  to  the  change  of  velocity  or  acceleration  it  imparts  to 
a  body.  Because  m  =  SV  =  density  X  volume,  it  fol- 
lows that  mass  has  three  dimensions,  and  since  further 
acceleration  is  distance,  it  follows  that  the  analytical  expres- 
sion of  any  force  has  four  dimensions.  If  this  is  eijuated 
to  any  special  kind  of  force  for  the  purpose  of  studyiiiy:  the 
circumstances  of  the  motion  jn-otluced  by  it,  the  expression 
for  this  must  likewise  have  four  dimensions.  The  well- 
known  exjiression  for  the  force  of  gravity 

mm'  , 
=  attractmg  mass  X  attracted  mass 

2 

square  of  distance  has  indeed  four  dimensions,  and  the  ex- 
pressions 


dc       ,  mm' 
III  -r-  and  — r- 
dt  r 


are,  therefore,  capable  of  perfect  equality.     If  we  write  for 


Suppose  we  know  only  that  attraction  of  gravitation  must 
be  jiro])ortional  to  ihe  masses  in,  in'  which  attract  each 
other,  and  that  it  (le])ends  in  some  way  on  the  distance  be- 
tween them,  then  we-can  put 

attraction  of  gravitation   =    mm' J\r) 
The  unknown  function  /(/•)  must  be,  however,  of  — 2 
dimensions,   because   the   product    nnu'  has  0  dimensions. 
This  leads  then  to  the  exi)ression' 

III  III  ' 

where  /,•  is  an  absolute  niunber,  independent  of  mass  and 
distance,  and  is  taken  as  unity  in  the  usual  form  of  the  law. 
It  is.  however,  evident  that  this  indeterminate  quantity  k 
would  be  of  no  use  for  explaining  the  anonmlous  motion  of 
3ferriiri/. 

This  mode  of  reasoning  tlius  conducts  inevitably  to  the 
well-knowai  form  for  the  attraction  of  gravitation,  yet  in  no 
wise  it  claims  to  be  a  metaphysical  explanation  of  it,  and  I 
doubt  that  the  human  mind  will  ever  discover  one  that 
helps  over  the  well-knoA\ii  scholastic  maxim  that  a  body 
cannot  act  where,  it  is  not. 

Mr.  Seelioek's  proposed  modification  of  the  Newtonian 
law  is  of  the  form, 

,.  wi'«' 

force  of  gravitation   =   — --  e  *"■ 
?- 

If  (■  =  distance,  ).  must  be  the  reciprocal  of  some  linear 
quantity,  in  order  that  the  exponent  h-  may  be  an  absolute 
number.  It  is  ditticult.  if  not  imjiossilile,  to  .see  of  what 
linear  quantity  X  could  be  the  reciprocal.  I  content  my- 
self iu  having  thus  given  a  useful  criterion  for  a  correct 
form  for  any  modification  of  the  Newtonian  law  ;  it  ajipears 
to  me,  however,  as  a  most  plausible  theory,  to  suppose  that 
the  anomalous  motion  of  Mercurtj  may  be  due  to  a  resisting 
medium.^ 


1  If  we  assume  kr"  ,  then,  because  this  must  have  — 2  dimensions, 
it  follows  that  k  must  have  — n — i  ilimciisioiis  ;  but  whence  does  k 
derive  its  dimensions,  if  it  is  in  Jependeal  of  mass  and  distance '.' 

-Prof.  IIall,  however,  states  that  a  resisting  medium  could  not 
accoimt  for  the  anomaly  in  the  motion  of  Mercury,  because  it  is  no 
loss,  but  a  gain  of  motion  that  is  observed. 


•  Head  before  the  Philosophical  Society  of  Washington,  1S95  March  30.    Printed  at  the  author's  request. 
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REVISED   SUPPLEMENT    TO   SECOND   CATALOGUE   OF  VARIABLE   STARS, 

Bv  S.  C.  CHAXDLEIl 


This  Revised  Supplement  to  the  Second  Catalogue 
(A.J.  300)  includes  all  the'  stars  given  in  Table  I  of  the 
Supplement  (J.J.  ol9),  together  with  the  additions  neces- 
sary to  bring  our  knowledge  up  to  date.  Thus  the  Second 
Catalogue  and  the  present  Revised  Supplement  furnish 
together  a  complete  list  of  known  variables,  comprising  in 
all  344  stars. 

The  contents  of  the  various  columns  here  given  conform 
strictlj-  to  the  explanations  in  the  preface  of  the  Second 
Catalogue ;  with  the  sole  exception  of  the  last  column  of 
the  right-hand  page,  where,  for  convenience,  the  data  of 
'•Basis  of  Elements"  are  temporarily  supplanted  by  the 
facts  relative  to  discovery  and  confirmation. 

In  the  construction  of  this  Supplement  an  important 
question  arose,  whose  settlement  it  did  not  seem  expedient 
longer  to  postpone ;  and  a  policy  has  been  adopted  with 
regard  thereto,  after  consultation  with  various  astronomers 
familiar  with  the  subject,  which  I  trust  will  commend  itself 
to  astronomers  generally,  as  the  best  that  can  be  pursiied 
under  the  peculiar  circumstances.  This  relates  to  the 
large  portion  of  the  southern  sky  inaccessible  to  northern 
observers.  Numerous  announcements  of  variables  in  this 
region  have  been  made  on  the  authority  of  the  examination 
at  the  Harvard  College  Observatory  of  photographs  made 
at  its  Boyden  station  in  Arequipa.  Experience  in  many  of 
these  cases,  wliei'<p  there  was  independent  means  of  scrutiny, 
has  given  abundant  reasons  for  distrust  of  their  accuracy, 
more  especially  in  the  matter  of  positions  and  identifica- 
tions. It  has  been  earnestly  hoped  that  some  observer  in 
the  southern  hemisphere  would  take  up  comprehensively 
the  observation  of  these  object^,  not  only  for  independent 
confirmation  of  variability,  but  also  for  determining  their 
positions  with  suitable  accuracy,  so  that  the  nomenclature 
could  be  certainly  settled  upon.  This  hope  has  not  been 
realized.  Meanwhile  the  want  of  a  definitive  notation  is 
pressing.  I  have  therefore  decided  to  rely  on  the  assur- 
ances which  Prof.  PicKEKiNO  has  given,  and  reiterated  in 
various  places,  since  the  Sup])lement  in  A.J.  319  was  issued. 


that  he  has  in  every  instance  confirmed  the  announcements 
nuade  by  Mrs.  Fle.mixg,  by  independent  examination.  It 
is  assumed  that  his  confirmation  necessarily  includes  all 
that  the  word  impUes,  namely,  right  identification  and  cor- 
rectness of  position,  as  well  as  the  fact  of  variability.  I 
have  therefore  entered  all  these  objects  (with  a  few  excep- 
tions where  we  need  more  definite  information)  in  this 
Supplement,  and  have  assigned  their  letters.  This  is  done 
because  any  changes  and  corrections  which  maj'  hereafter 
be  necessary  can  hardly  produce  so  much  confusion  as  the 
policy  of  allowing  the  nomenclature  to  fall  still  further  into 
arrears.  Wherever,  therefore,  in  the  last  column  of  this 
Supplement,  the  initials  H.C.O.,  with  the  date,  alone  ap- 
pear, it  signifies  that  the  Observatory  in  question  is  the 
sole  authority.  In  all  cases  where  that  institution  has 
given  conflicting  positions,  the  one  last  published  is  used. 
For  2080  E  Columbae  I  have  substituted  the  place  given 
by  Dr.  Haktwig,  who  has  identified  the  star  with  Cord. 
DM.  — 2y°253S,  which  precedes  by  32  sec,  and  is  6'  north  of 
that  given  by  Mrs.  Fleming,  and  confirmed  by  Prof.  Pick- 
EEixG.  Unless  there  are  two  variables  here,  about  10' 
apart,  which  is  of  course  possible,  it  seems  more  prudent  to 
rely  on  the  known  critical  accuracy  of  Dr.  Haktwig,  who 
appears  to  have  investigated  this  case.  We  thus  have 
another  illustration  of  the  caution  which  observers  have  to 
exercise  in  dealing  with  many  of  the  current  announce- 
ments of  variables,  which  seem  to  indicate,  not  the  place 
of  the  desired  star,  but  rather  a  region  of  the  sky  where  it 
may  be  hunted  for,  having  a  diameter  perhaps  half  that  of 
the  moon.  In  view  of  the  failure  of  the  Harvard  College 
Observatorj-  to  give  positions  of  the  requisite  accuracy,  it  is 
hoped  that  some  southern  observer  may  take  this  matter 
under  especial  charge. 

In  further  pursuance  of  the  pohcy  of  bringing  up  arrears 
in  the  notation  for  the  southern  sky,  I  have  felt  justified  in 
including,  with  confidence,  the  short-period  varialiles  of 
KoBEKTS,  since  he  has  determined  their  elements  apparently 
with  considerable  precision. 
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List  of  New  Variables,  Supplementary  to  the  Catalogue 


IdlHI.O 

1900 

IS.-, 

5.0 

Red- 

Magnitude 

Xo. 

Star 

K.A. 

Uecl. 

Annual  Variation 

H.A. 

Decl. 

ness 

Max. 

Mln. 

b      111      a 

o        ; 

■ 

/ 

h      m      a 

o          t 

62 

S  Sculptoris 

0  10  19 

-32  36.1 

+  3.04 

+0.33 

0     8     2 

—32  51.1 

- 

6.5 

10.0 

103 

T  Aiulvomeilae 

17   1(1 

+  26  20.4 

3.12 

0.33 

14  50 

+  26  11.4 

- 

8.2 

13? 

110 

S  Tucauae 

IS  24 

-(i2  14. 

2.87 

0.33 

16  14 

—62  29. 

_ 

8.7 

<11.6 

294 

AV  Cassiopeae 

0  4S  59 

+  5.S     0.9 

3.53 

0.32 

0    10  21 

+  57  46.5 

. 

8.4 

11.5 

691 

W  Peisei 

1  55     6 

+  56  15. 

4.03 

0.29 

1   52     0 

+  56     2. 

- 

9.3 

<15 

980 

Y  Persei 

2  43  15 

+  56  34.1 

4.40 

0.25 

2  39  58 

+  50  22.6 

5.0* 

7.9 

9.5 

1018 

R  Horologii 

2  49  42 

-50  21. 

1.98 

0.25 

2  48  13 

—50  32. 

_ 

6.2 

9.7 

1279 

U  Caiiielopardalis 

3  33  12 

+  62  19.4 

5.12 

0.20 

3  29  23 

+  62  10.4 

_ 

7.3 

8.8 

1G62 

R  Caeli 

4  37     4 

—38  26. 

2.08 

0.12 

4  35  30 

—38  31. 

_ 

7.5 

10.5 

1701 

R  Pictoiis 

4  43  29 

-49  25.6 

1.60 

0.11 

42  17 

—49  30.6 

- 

S.l 

9.5 

1803 

T  Leporis 

5     0  35 

22     2.4 

2.55 

0.09 

58  40 

—22     6.3 

_ 

8.2 

10.9 

1805 

V  Orioiiis 

0  47 

+   3  58.0 

3.10 

0.09 

4  58  25 

+  3  54.0 

4.2* 

8.4 

12.0< 

1850 

S  Pictori.s 

8  IS 

-48  :^7.7 

1.59 

0.07 

5     7     6 

—48  41.1 

_ 

8.6 

<13.3 

2080 

R  Coluinbae 

40  40 

-29  13.2 

+   2.32 

+  0.02 

5  44  55 

—29  14.1 

7.9 

11.4< 

2141 

R  Oetantis 

5  50  4,S 

-SO  20.0 

-1S.37 

0.00 

6  10  33 

—86  25.7 

7.4 

<11.3 

2170 

S  Leporis 

6     1  38 

-24  11.2 

+   2.47 

O.oo 

5  59  47 

—24  11.1        _ 

6.7 

7.5 

3040 

Y  Caiiiiae 

8  20  41 

-59  47.3 

1.24 

-0.20 

8  25  46 

—59  38.3 

_ 

7.2 

8.0 

3055 

X  Caiiiiae 

29     7 

-58  53.2 

1.31 

0.20 

28     8 

-58  44.1 

_ 

7.8 

8.6 

3087 

T  Velonim 

8  34  2(> 

-47     0.7 

1.95 

0.21 

8  32  58 

—46  51.3 

_ 

7.5 

8.5 

3355 

W  Caiiuae 

9  19  15 

-55  32.0 

1.82 

0.2G 

0  17  53 

—55  20.5 

7.5 

8.5 

3416 

S  Yeloium 

29  27 

-44  4.-).  9 

2.26 

0.20 

27  45 

44  .34.1  !     - 

7.8 

9.3 

3425 

X  Hvdrae 

30  44 

-14  14.7 

2.87 

0.27 

9  28  35 

—14     2.8 

9.2 

<11 

3569 

RRCaiinae 

9  54  50 

—58  23.0 

1.94 

0.28 

9  53  23 

—58  10.2 

- 

8.2 

9.6 

3662 

Z  Carinae 

10  10  24 

-58  21. 

2.07 

0.30 

10     8  51 

—58     8. 

_ 

9.4 

12.1 

3767 

Y  Cariuae 

29  25 

-57  59.0 

2.25 

0.31 

27  44 

—57  45.1 

- 

7.8 

8.6 

3911 

U  Carinae 

10  53  44 

-.-.9  11.8 

2.43 

0.32 

10  51  54 

—58  57.4 

- 

6.7 

8.5 

4364 

S  JIuscae 

12     7  24 

-09  35.7 

3.19 

0.3;? 

12     5     1 

—69  20.7  :     - 

6.5 

7.3 

4429 

R  Cnieis 

IS     8 

-01     4.5 

3.26 

0.33 

15  42 

—60  49.5 

6.8 

8.0 

4435 

S  Ceutauri 

19  12 

-48  53.2 

3.20 

0.33 

16  48 

48  .38.2 

_ 

6 

? 

4488 

U  Centauri 

28     0 

-54     6. 

3.30 

0.33 

25  32 

—53  51. 

- 

9.2 

11.3 

4611 

S  Crucis 

12  48  27 

-57  53.3 

3.52 

0.33 

12  45  49 

—57  38.5 

_ 

6.6 

7.8 

4896 

T  Centauri 

13  36     2 

-33     5.5 

3.43 

0.31 

13  33  28 

—32  51.7 

— 

6.9 

9.1 

5144 

Y  Bootis 

14  17  22 

+20  15.8 

2.79 

0.28 

14  15  16 

+  20  28.2 

— 

8.0 

8.6 

5174 

RS  Yirginis 

22  16 

+  5     7.6 

3.00 

0.27 

20     1 

+   5  19.9 

- 

8.2 

12? 

5321 

S  Liipi 

14  46  42 

-46  12. 

4.00 

0.25 

14  43  42 

—46     1. 

9.7 

<12' 

5511 

RS  Librae 

15  IS  30 

-22  34. 

3.50 

0.22 

15  15  53 

OO    OJ. 



8.4 

<11 

5533 

R  Xormae 

22  11 

-.50  13.9 

4.31 

0.21 

18  57 

—50     4.4 

— 

7 

- 

5562 

— Apodis 

15  27     0 

-71  32. 

6.22 

0.21 

15  22  22 

—71  23. 

- 

- 

- 

5750 

U  Triaug.  Austr. 

15  58  25 

-62  38.3 

5.30 

0.17 

15  .54  27 

—62  30.6 

- 

t .  1 

8.7 

5768 

RR  Herculis 

16     1  28 

+50  46.3 

1.65 

0.17 

10     0   11 

+  50  54.2 

- 

8.7 

9.5 

5823 

S  Normae 

16  10  35 

-^7  39.2 

4.95 

0.15 

16     6  52 

—57  32.1 



6.5 

7.4 

5949 

K  Arae 

31  26 

-56  47.0 

4.96 

0.13 

27  43 

.56  41.8 

— 

6.9 

8.0 

0050 

RSScorpii 

48  22 

-44  56.3 

4.34 

0.10 

45     7 

—44  51.6 

_ 

7.0 

11.4 

0002 

RR  Scorpii 

50  15 

-30  2.5.3 

3.82 

0.10 

47  23 

—30  20.7 

— 

7.3-7.7 

11.6 

6101 

RT  Scorpii 

10  50  4.S 

-36  40. 

4.03 

0.09 

16  53  47 

—36  36. 

- 

9.2 

12.9< 

6207 

Z  Ophiuchi 

17  14  28 

+   1  37.3 

3.04 

0.07. 

17  12  12 

+   1  40.3 

3.0 

8.2 

12.5 

6275 

S  Oetantis 

25  54 

-86  46. 

26.41 

0.04 

6  17 

—86  43. 

— 

8.2 

<11.7 

6331 

RU  Scorpii 

35     6 

-43  42. 

4.34 

0.04 

31  51 

—43  40. 

- 

9.3 

12.7 

0442 

Z  Herculis 

53  36 

+  15     8.8 

2.71 

0.01 

51  34 

+  15     9.3 

— 

7.1 

8.0? 

6446 

T  Draconis 

17  54  18 

+  58  14. 

+  0.90 

-0.01 

17  53  .38 

+.58  14. 

- 

8.2 

'  9.8 
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IN  No.  300  OF  THE  Astronomical  Journal. 


No. 


jV — m 


Elfinciits  of  Maxiiimni,  (ireenwicli  >I.T. 
Epoch    (Cal.)  Julian  Period  llcmarlcs 


Uy  wlioin 
Discovered         ;         Couliriiieil 


62 

103 
110 
L".t4 
C.'.ll 

9S0 
1018 
1279 
1(;()2 
1701 

1803 
1805 
1850 
21  ISO 
2141 

2170 
3040 
3055 
3087 
3355 

3416 
3425 
3569 
3662 
3767 

3911 
4364 
4429 
4435 
4488 

4611 
4896 
5144 
5174 
5321 

5511 
5533 
5562 

5750 
5768 

5823 
5949 
6050 
6062 
6101 

6207 
6275 
6331 
6442 
6446 


d 

-366 


1846  Sept.  22  =  2395562      +366       E         Pickering's  elements 
1855  Sept.  10     239  8837      +265.35  E         Yendell's  elements 


1893  Dec.  29     2412827     +358  E? 
1889  Aug.  30     2411245     +371   E? 


Hartwig's  element.? 


1891  Fel).   14     2411778      +266   E? 


3.0 
2.4 
1.8 
0.9 


1893  Feb.  22     241  2517.3  + 


6.66 
6.52  E 
4.6 
4.38 


Irregularly  periodic 
Roberts's  jjeriod 
Roberts's  elements 
Roberts's  period 
Roberts's  period 


MiN.  1894  May  1"  8"  22'".5  +  5"  22"  23™.4E     ^/r/o/-type,Roberts's  el, 
1892  Mar.  22     2412180     +296  E  Paul's  elements 


0.9i 


6.0 


1.4 


1.5 


0.76 


1894  Feb.     9  241 2869.2  +     3.637  E  Roberts's  elements 

1892  Feb.     1  241 2130     +   38.6      E  Roberts's  elements 

1892  Jan.     3  2412101.6+9.66    E  Roberts's  elements 

1891  Dec.  25  2412092.0+     5.827  E  Roberts's  elements 


1892  Jan. 


241  2100.4  +     4.692  E       Roberts's  elements 


2.60 

1890  May  22     2411510      +360  E 


Ah/ol-type? 


1889  July    9     2411193     +222  E 


1894  Feb.     7     2412867.7+     2.546  E       Roberts's  elements 


9.75  Roberts's  period 

4d  lOh  12"".7       .4;r/r7/-type  ;  Rob.  period 


1887  June  23  241 0446 

+  282  E 

1894  Apr.  30  =  241 2949 

+  357  E? 

MiN.1894  July2Si  1 1" 8'".2  +  3''  23" 49'".545E  s^,'?r'S''iK45W.'1at'eT'"'' 


H.C.O.,  1894;        Hartwig 

Anderson,  1893 ;  Hartwi"' 
H.C.O.,  1895; 

Espiii,     1888;       J.  A.  I'arkliurst 
H.C.O.,  1890; 

Es]iin,     189."!;  Hartwit;-,  Yendell 
H.C.O.,  1892;   Roberts 
Birmingham,  1871  ;  H.C.O..  Hartwig 
H.C.O.,  1890;  Roberts 
H.C.O.,  1895; 

H.C.O..  1895; 

Boss,      1887;  Yendell 

H.C.O.,  1895; 

H.O.O.,  1893;  Hartwig 

H.C.O.,  1892; 

Sawyer,  1891 ;  Yendell 
Roberts,  1892 ; 
Roberts,  1892 ; 
Roberts,  1892; 
Roberts,  1892  ; 

Woods,  1894  ;     Roberts 
Skinner,  1894;  H.  M.  Parkliurst 
H.C.O.,  1895 ; 
H.C.O.,  1895; 
Roberts,  1893 ; 

Roberts,  1891; 
Roberts,  1891 ; 
Roberts,  1891 ; 
H.C.O..  1889; 
H.C.O.,    1895: 

Roberts,  1891 ; 

H.C.O..    1894; 

H.  M.  Parkhurst.  1894  ;  Yendell 

H.C.O.,  1892;  Hartwio- 

H.C.O.,  1894; 

H.C.O.,  1892;  Chandler 
H.C.O..  1893;  Campbell 
H.C.O..  1894:  not  vet  eontirmed 
Roberts,  1893 ; 
Espin,  1894;     Yendell 

Roberts,  189- ; 
Roberts,  1891 ; 
H.C.O..  1890:  Campbell 
Thome.  1892 ;  Fleming 
H.C.O.,  1893; 

H.C.O.,  1893 ;  Chandler 
H.C.O.,  1892: 
H.C.O.,  1895; 

JIulIer  nm\  Kenipf\  .    Yendell 
Cli;iucller,  l»94        I  i    H,irtwlg 

Espin.  J.  A.  Parkhurst,  1895  ;  Yendell 
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HtlKI.O 

1(HK» 

1S55.0                  1 

Well- 

Magnitmle 

Xo. 

Star 

R.A. 

Decl. 

Annual  Variatign 

] 

R.A. 

Decl. 

ness 

Max. 

Min. 

6500 

R  Pavonis 

U       111       a 

18     3  17 

-63°38.'l 

8 

+  5.77 

0.00 

1 
17 

11 

58 

8 

57 

—63  38.2 

_ 

7.6 

9.0 

6546 

RSSagittarii 

10  59 

-34     8.5 

3.98 

+  0.01 

18 

8 

0 

—34     9.1 

- 

6.2 

7.4 

6613 

(/  Serpeutis 

22     6 

+   0     8.2 

3.07 

0.03 

19 

4.S 

+   0     6.8 

- 

5.0 

5.7 

6653 

T  Lyiae 

18  28  54 

+  36  55.0 

2.10 

0.04 

18 

27 

19 

+  36  53.1 

- 

7.2 

7.8 

6854 

Y  Anuilae 

19     2  16 

+  10  55.0 

•)  m2 

0.09 

19 

0 

9 

+  10  51.0 

- 

5.3 

5.7 

6894 

S  Lvvao 

9     6 

+  25  50.0 

2.45 

0.10 

1 

16 

+  25  45.6 

_ 

9.0 

12.0 

6900 

AV  Aquilae 

10    0 

-   7  13.2 

3.23 

0.10 

7 

34 

—  7   17.6 

- 

7.5 

11.2 

6940 

U  Lyrae 

16  37 

+  37  41.7 

2.10 

0.12 

15 

3 

+  37  ."iO.O 

- 

8.3 

<11 

6943 

T  Sagittae 

17  14 

+  17  28.1 

2.68 

0.11 

15 

13 

+  17  23.2  :  5.5* 

8.3 

9.9 

7118 

X  Aijuilae 

46  31 

+  4  12.5 

2.98 

0.15 

44 

17 

+   4     5.9 

- 

8.5 

<12 

711.'2 

S  I'avonis 

46  47 

-59  27.2 

5.10 

0.15 

42 

57 

—59  33.9 

_ 

8.0 

9.6 

7139 

KRSagittarii 

49  43 

-29  27.2 

3.74 

0.15 

4(; 

54 

—29  34.0 

- 

7.5 

<12.5 

7151 

Rl'^iagittai-ii 

19  51  50 

-42     6.9 

4.14 

0.16 

48 

34 

42  13.9 

- 

8 

<12.6 

7240 

RYCyjjui 

20     6  37 

+35  38.8 

2.26 

0.18 

20 

4 

55 

+  35  31.0 

- 

8.5 

9.5 

7245 

R  Telescopii 

7-12 

-47  IS. 

4.30 

0.18 

4 

28 

—47  26. 

- 

.S.4 

11.6 

7247 

RXCygni 

7  46 

+  47  30.9 

1.84 

0.18 

6 

24 

+  47  23.0 

_ 

7.5 

8.3 

7255 

RT  Sagittarii 

9  24 

-39  29. 

4.00 

0.18 

6 

24 

39  37. 

- 

7.7 

10.7 

7260 

Z  Afiuilae 

9  51 

-   6  27.4 

3.20 

0.18 

7 

27 

—  6  35.4 

- 

9.0 

11? 

7351 

RW  I'ygni 

25  12 

+  39  38.8 

2.18 

0.20 

23 

34 

+  39  29.9 

7.0* 

7.7 

10.5 

7404 

R  Microscopii 

33  58 

-29     8.5 

3.65 

0.20 

31 

14 

—29  17.8 

- 

9.2 

<11 

744S 

W  Aqiiarii 

41  10 

-   4  26.9 

3.15 

0.22 

38 

48 

—  4  36.6 

_ 

8.0 

o.c,'.' 

7450 

V  Aijuaiii 

41  46 

+  2     4.2 

3.04 

0.22 

39 

29 

-^    1  54,6 

2.5* 

8.1 

9.;! 

7458 

V  Delphini 

43  14 

+  18  58.0 

2.72 

0.22 

41 

11 

+  18  48.3 

- 

8.9-9.1 

12'.' 

7492 

RZCvgiii 

48  31 

+46  58. 

2.01 

0.22 

47 

0 

+46  48. 

- 

9.1 

13 

7495 

S  Imli 

48  59 

-54  42.3 

4.47 

0.22 

45 

37 

—54  52. 

- 

8.4 

<12.4 

7544 

T  Octantis 

20  57  24 

-82  30. 

10.33 

0.23 

20 

49 

30 

—82  40. 

_ 

9.0 

<12.5 

7813 

R  Gniis 

21  42     6 

-47  22. 

3.89 

0.28 

21 

39 

10 

—47  34. 

- 

8.4 

<12.5 

7999 

X  Aquarii 

22  13  12 

-21  26. 

3.31 

0.30 

oo 

10 

47 

—21  39. 

- 

8.4 

11.6 

8116 

W  Cephei 

22  32  39 

+  57  54.4 

2.28 

0.31 

')'> 

30 

5t) 

+  57  40.5 

4.5* 

7.3 

8.3 

8324 

V  Cassiopeae 

23     7  22 

+  59     8.4 

2.56 

0.33 

23 

5 

27 

+  58  53.8 

- 

8.3 

12 

8579 

R  Tucanae 

52  12 

-65  56. 

3.17 

0.33 

49 

48 

—66  11. 

_ 

10.2 

<12.6 

8604 

S  Plioenicis 

53  54 

-57     7.7 

3.15 

0.33 

51 

33 

—57  22.9 

- 

7.2 

8.7 

8622 

W  Ceti 

23  57     0 

-15  13.9 

+3.08 

+  0.33 

23 

54 

41 

—15  29.0 

- 

8.4 

<12 

Unconfirmed  Stars. 
It  is  not  the  intention  in  this  Supplement  to  recon- 
struct, or  bring  up  to  date,  the  list  of  stars  awaiting  con- 
firmation. But  so  many  changes  i)^ve  been  made  in  the 
lists  given  in  .4..7. 300  and  319,  either  by  confirmation  and 
removal  to  the  above  catalogue,  or  by  satisfactory  evidence 
of  non-variability,  that  it  will  be  a  convenience  to  observers 
to  have  the  following  excised  list  of  the  stars  in  the  former 
lists  which  still  need  examination.  Only  the  names  and 
places  are  here  given.  Reference  can  be  made  to  A.J.  300 
and  319  for  the  other  details. 


1855 


Xo. 

(118) 
(571) 


-Star 

Tucanae 
Ceti 


R.A. 

h        ni       9 

0  17  35 

1  .33     0 


Decl. 


—72  40. 
—  7  21.6 


A.J. 

319 
300 


1S-J.J 

Xo.                      Star  R.A.                   Decl.            A.J. 

(780)  —  Persei  2     fi"  o3  +57  51.2       319 

(1344)  _  Persei  3  41      9  +35   16.7       300 

(1630)  —  Reticuli  4  32     3  —63     7.4 

(1709)  —  Tauii  42  20  +15  31.7 

(174.i)  (R)  Erid;uii  4H  48  —16  31). 3 

(1772)  (S)   Eridani  53    11  —12  -Ir,.! 

(1801)  —  Cainclopardalis  4  55  21  +68  2«.2 

(1945)  —  Orioiiis  5   21    48  —  4   -19.1 

(1961)         S    Orionis  24  36  —  0  24.6 

(1988)  —  Orionis  5  29  —  5  3-1. 

(2445)  —   iMonocciolis  6   4.t    17  —  6   58  2 

(26.")9)  —  Cnnis  Majoris  7  21      ;5  —11    15.9 

(2711)  (R)  Puppis  :!■■>  1.''  — ;^i   19. (; 

(2788)  (T)  Puppis  7  4:^    11  —40   17. o 

(2903)  _  Cancri  8      1    16  +19  50.0 

(3197)  —  Cancri  8  50  23  +11   23.4 


No-  347 


THE     ASTRONOMICAL     JOURNAL. 


85 


No. 


6r)00 
0546 
6()i;! 
G(i.')3 
6isr)4 

6894 

(■)'.I4() 
6i)43 
7118 

7122 
7139 
71.-.1 
7240 
7245 

7247 
7255 
7260 
7351 
7404 

7448 
74."'>() 
74.>S 
7492 
7495 

7544 
7Si;! 
799'. » 
8116 
8324 

8579 
8604 
8622 


-V— m 


65 


140 


123: 


Elements  of  Maximum,  Greenwich  M.T. 
Epoch    (Cal.)  Julian  Period  Remarks 


1.S94  Aui?.     6  =  241  3047.7  +4'i.986  E 


1893  July    1     2412646     +490  E? 

1885  Dec.   10     240  9S86     +177   E 
lS93Aug.    8     2412684     +356    E 


1891  Sept.  2()     2412002     +338   E 


12'';  po.s.sil)ly  J/7')/-ty|ic  (Kdlierts) 
Short  period  


1888  Oct.  14  2410925  +381  E 
1891  Jan.  15  2411748  +245  E 
1890  Dec.  20     2411722     +540  E 


-     I  189:!  Nov.  10     2412778.1+      (5.44  E 
105::    1893  Dee.     4  =  241 2.S02     +224   E? 


Irregular 


Yemlell's  elements 


By  whom 
Discovered         ;        Confinned 


H.C.O.,  1893;  Cordoba  Zones 
(iduld,  1874 ;  Roberts 
Miiller^  K.,  Yendell,  1894  ;  Chandler 
Jiirniin.nhani,  Safarik,  1886  ;  '^'endcIl 
( ;ould,  ( 'handler,  189  I ;   Vendell 


Espin.  1893; 
deP.all,  1893; 
Espin,  1894; 
Espin,  1886; 
H.C.O.,  1894; 

H.C.O.,  1894; 
Thome,  1891; 
H.C.O.,  1891  ; 
Espin,  1886 ; 
H.C.O.,  1895; 


li.  M.  I'arlvhurst 

Schwab 

Yendell 

Yendt^ll,  Chandler 

Yendell 


Fleminff 


Yendell 


Deichmiiller,  1893;  Yendell 
H.C.O.,  1890 ; 
de  Ball,  1894;  Holetschek 
Espin,    1885;  Yendell 
H.C.O.,  1894; 

H.C.O..  1891;  Hartwig 

de  Ball,  1891 ;  Yendell 

H.C.O.,  1891 ;  Yendell 

Espin,  1893  ;  H.M.  Parkliurst,  Hartwig 

H.C.O.,  1895; 

H.C.O.,  1895 ; 

H.C.O.,  1895; 

H.C.O.,  1895 ; 

Espin,  1885  ;  Yendell,  J.  A.  Parkliurst 

Anderson,  1893 ;  Hartwig 

H.C.O.,  1892; 
H.C.O.,  1895; 
Skinner,  1894;  Paul 


1S5.5 


No. 

Star 

R.A. 

Decl. 

A.J. 

(3614) 

(R) 

Yelorum 

10 

0  42 

—51 

29.0 

300 

(4495) 

(^ 

Corvi 

1-2 

26  47 

22 

35.7 

fc« 

(4856) 

Virgiuis 

13 

26  58 

—12 

28.0 

" 

(41105) 

— 

C'auum  Venat. 

13 

35  29 

+  29 

6.7 

'• 

(5076) 

— 

Bootis 

14 

3  55 

+  10 

30.1 

•• 

(5159) 

— 

Bootis 

14 

17  40 

+  26 

22.0 

319 

(54S1) 

— 

Librae 

15 

11    15 

+    2 

36.9 

300 

(56-i6) 

— 

Librae 

15 

35   17 

—  10 

27.7 

4h 

(6088) 

(V) 

Herculis 

16 

52  58 

+  35 

17.4 

'• 

(6470) 

Ophiuchi 

17 

56     7 

+   2 

30.5 

•' 

(6502) 

0 

Hercniis 

18 

1   54 

+  28 

44.4 

i  I 

(6633) 

(Y) 

.Sagittarii 

22  54 

—  18 

21.5 

" 

(6699) 

Dracouis 

35  3S 

+  55 

28.6 

319 

(6716) 

— 

Lyrae 

37  49 

+  36 

49.4 

l.fc 

(6749) 

— 

Sent! 

42   2« 

—    8 

1.0 

300 

(6769) 

— 

Sagittarii 

18 

45   30 

22 

51.1 

319 

(6S97) 

— 

Cvgni 

19 

8  27 

+  49 

24.2 

^' 

(6915) 

— 

Sagittarii 

9  53 

—19 

19.4 

300 

No. 

(7010) 
(7182) 
(7205) 
(7238) 
(7268) 
(7279) 
(7302) 
(7194) 
(7435) 
(7452) 
(7481) 
(7502) 
(7579) 
^8006) 
(8104) 
(8106) 
(8528) 
(5) 


(R 


63  f 


Star 

Sagittae 

Cygni 

Cygui 

Cygni 

Caijricorni 

Cygni 

CapricovDi 
i  Cepliei 

Cygui 

Cygni 

Cygni 

Vulpcculae 
"Cygui 

Cephei 

Aqnarii 

Pegasi 

Piseium 

Ceti 


R.A, 

h       m 

19  26 
55 

19  59 

20  5 
8 

11 
14 
34 
37 
40 
45 

20  48 

21  1 

22  12 
28 

22  28 

23  39 
23  58 


15 
18 
6 
3 
37 
53 
28 
37 
50 
15 
13 
24 
37 
44 
17 
48 
0 
30 


1855 

s 

+ 
+ 
+ 
+ 


Decl. 


17 
30 


21 

49 
16 


+  8 
+  2 
—15 


26.0 
25.6 
36  24.8 
47  25.4 
45.6 
29.6 
28.2 
88  41.0 
46  30.1 
40  33.7 
57  1 
30.5 
3.9 
15.7 
20.8 
14.0 
40.8 
14.3 


A.J. 
300 


33 
27 
47 
56 

8 
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THE   OKBIT   OF   COMET  1892  \ 

By  J.  G.  PORTER. 

After  the  completion  of  my  work  on  the  t)rbit  of  Comet 
1892  V,  which  appeared  in  this  Journal.  No.  'MO,  a  few 
further  observations  of  the  comet  were  i)ublisherl.  Those 
made  at  Vienna,  from  Nov.  1.'?  to  Nov.  22  inclusive,  coming 
as  they  do  later  than  any  others,  excepting  the  single  Lick 
observation  of  Nov.  21,  must  very  materially  strengthen 
the  determination  of  the  orbit.  The  fact  of  the  compara- 
tively large  deviation  of  Jlr.  B.vrnakd's  observation  of 
Nov.  21  is  rendered  certain  by  tlie  practical  accord  of  the 
Vienna  observations,  inter  se,  and  I  have  therefore  rejected 
tiie  former  and  formed  a  new  normal  place  from  the  latter 
alone.  I  have  also  included  Strassburg  observations  of 
i)ct.  20  and  21,  and  observations  made  at  Copenhagen  on 
Oct.  25  and  26. 

The  new  resulting  elements  are  as  follows  : 


Epoch  1892  Oct.  22.5  Berlin  M.T. 

jV„  =  352°    4'    2,'l 

7T  =     17   10  4.3.() 

Si  =  20(5  45  45.1 

t  =     31     8  59.8 

c  =     35  13  15.5 

log  /i  =  2.758{)594 

log  a  =  0.5275G44 

I  append  a  table  showing  how  closelj'  these  elements 
represent  the  individual  observations. 

Ciiteinndtl,  1895  Mai/  7. 


Lick. 

1 

Vienna. 

Date 

Ja  COS  8 

J8^^ 

Dale 

Ju  cos  8 

j8 

/f 

Oct.   13 

+    (\.l 

+  16"8 

Nov 

18 

+    .S.9 

-  1.6 

15 

-   0.9 

+ 

7.3 

'>•> 

+   .•!.7 

-  2.9 

16 

—   5.8 

+  ] 

2.4 

17 

—   0.9 

+  13.5    1 

Paris. 

18 

—   9.5 

+ 

<;.3 

( )ct. 

17 

+   0.3 

-   0.5 

19 

+   0.3 

+ 

6.5 

IS 

+    1.8 

-   0.4 

•)o 

+  10.4 

+  14.6 

20 

-    1.9 

-   0.6 

24 

-   0.4 

+ 

6.2 

21 

+    1.4 

-   3.2 

24 

+   9.6 

+  11.5 

•  >•> 

+   7.8 

-12.0 

25 

+  17.5 



4.9 

Nov.    7 

—   5.7 

+ 

1.4 

Hamburg. 

21 

[  +  13.8] 

[  +  13.3] 

Oct. 

17 

-   6.8 

-   0.5 

18 

+   1.2 

+   2.5 

Pulkowa. 

Oct.  19 

+  3.3 



L3 

Copenhagen. 

20 

+   2.5 

— 

1.8 

Oct. 

IS 
25 

+  10.0 
+  r>.'.) 

+   2.4 
+    2.0 

Northfield 

25 

+  6.0 

*f  *> 

Oct.  20 

-   6.0 
Vienna. 

1  ..•! 

2(1 

+   8.4 
Algiers. 

—  L9 

Oct.  16 

*>  '* 

+ 

I.O 

Oct. 

IS 

+  0.6 

+   0.7 

20 

+    0.1 

— 

0.5 

23 

-  4.6 

— 

1.4 

Harvard. 

27 

-   2.8 

— 

1.1 

Oct. 

19 

+  14.0 

+    1.0 

Nov.    7 

+   2.2 

__ 

2.4 

9 

+   0.3 

+ 

1 .3 

Stras.'^burg. 

13 

-    1.4 

+ 

2.7 

Oct. 

20 

+   2.4 

-    1.7 

17 

-   2.4 

+ 

4.3 

21 

-   1.5 

-   0.3 

MICROMETRICAL 


(/OMPAinSOXS    OF    POSITIONS    OF     TITAN'  WITH    THOSE 
OF    TETIIYS,   DIONE  AND   BIIEA, 

13v  OKMOND  STONE. 
The  following  observations  were  made  with  the  twenty- 
six-inch  refractor  of  the  Leander  ]McCormick  Observatory. 
The  angles  given  are  each  the  mean  of  two  comparisons ; 
the  distances  were  obtained  from  measures  of  double  dis- 
tances. Corrections  have  been  ai)i)lied  for  refraction.  Tin- 
reductions  were  made  by  Mr.  H.  V.  Bkn-kdiit. 


1894 
Aju-. 


14 
16 


Eastern  Time 

ll        III        s 

14  2S  47 
14  48  52 


102.06 
221.34 


May 


Tethijs-Titnn. 


181)4 
Mar. 


Apr. 


14 
19 
23 
26 
27 

30 

6 

8 


Eastern  Time 
h      ni       s 

13  7  9 
15  2  48 
13  30  41 
11  43  14 

11  50  20 

12  34  13 

11  58  16 

12  2  59 
11  29  39 

11  52  23 

12  32  50 


108.47 

270.08 

35<).36 

79.50 

86.51 

86.98 

123.57 

123.25 

272.70 

295.79 

295.64 


Eastern  Time 

ll    111   s 


13 
11 
12 


.36  47 
57  41 
15  36 


12  16  25 

12  1  25 
12  2  26 
12  18  49 


48.84 

57.60 

229.45 

57.43 

168.99 
33.57 
33.87 


24 

3 

10 

20 

June  3 

8 

Mar.  14 

19 
23 


12  15 

12  36 

9  29 


28 


351.34 
3.54.86 
2.")0.."')0 


9  6  41 
9  26  55 

11  45  2 

12  21  14 
12  25  50 
12  41  3 
10  15  34 


31S.77 
317.95 
261 .32 
2(il.46 
137.89 
13S.45 
273.24 


Eastern  Time 

h    111   s 

14  53  39 
14  34  35 
14  36  32 
12  22  22 
12  23  30 
9  41  29 
9  43  47 
9  16  48 
9  19  18 
5( 


11 

12  5 
12  32 


11 


30 
54 
11 
33  53 


Dlonp-Tltan. 
13  25  23    119.42 
13  29  41    119.43 
15  14  37    266.75 
13  18  20     11.84 


98.45 

44.86 

45.40 

49.34 

49.31 

ll.-).93 

11.5.98 

35.83 

36.07 

177.75 

17  7. .38 

48.. 58 

48.39 


13  25  3 


51.16 
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1894 

Easti.'rii  Time 

i' 

Eastern  Time 

« 

US94 

Kasteru  Time 

V 

Eastern 

rime 

s 

Mar.  2() 

li   in   8 

11  37  49 

82.15 

ti   III   » 

Apr.  2 

h   111  ■A 

11  29  22 

258.38 

li    111   a 

12  18  27 

104.69 

30 

11  o4  9 

12  8  47 

139  83 
141.11 

12  25  29 

*51.56 

6 

11  35  37 
13  10  (; 

270.94 
271.45 

12  15 

8 

216.60 

Apr.   2 

11  39  34 

258.83 

11  58  24 

91.42 

8 

10  41  39 

346.29 

li  2 

56 

59.63 

0 

11  13  11 

281.70 

11  45  26 

104.22 

11  26  6 

351.14 

11  35 

1 

58.93 

13  0  23 

281.50 

14 

14  33  17 

102.02 

14  58 

59 

182.33 

8 

11  46  16 

320.63 

11  58  '4 

32.41 

16 

10  58  48 

240.43 

10  7 

60 

69.72 

12  27  39 

325.23 

12  5  12 
12  13  36 

33.11 
33.07 

1 1  20  22 
16  0  40 

240.69 
241.46 

1 0  9 

46 

69.28 

11 

14  39  37 

95.77 

15  23  51 

152.80 

00 

12  47  25 

290.55 

13  15 

17 

86.25 

IC. 

13  :a\    % 

210.88 

14  4  32 

34.00 

13  57  9 

291.50 

13  19 

25 

85.86 

14  13  25 

210.14 

14  7  32 

34.26 

24 

11  47  57 

285.76 

11  58 

34 

82.45 

22 

12  56  41 

284.97 

13  36  39 

113.95 

12  7  0 

285.64 

12  0 

37 

82.65 

May  '3 

8  15  10 

231.90 

8  19  43 

44.42 

27 

10  57  56 

84.54 

11  8 

38 

123.04 

8  26  21 

231.81 

8  21  30' 

44.26 

11  38  35 

84.71 

11  28 

21 

122.48 

9 

9  41  47 

305.83 

9  50  44 

50.41 

29 

14  33  42 

278.43 

14  42 

16 

91.37 

10  1  4 

305.93 

9  52  57 

50.. •iS 

14  54  3 

278.32 

14  46 

4 

91.32 

June  15 

9  2  54 

8().54 

9  20  51 

122.90 

30 

13  31  6 

93.80 

13  40 

56 

108.48 

9  4(;  13 

86.50 

9  23  25 

123.10 

13  49  25 

9.'!. 90 

13  43 

36 

108.91 

*  01- 54.27. 

May  3 

9  4  22 
9  23  14 

210.45 
240.i»9 

9  14 
9  16 

21 

8 

114.46 
114.53 

Rhea-  Tit  II  n 

9 

10  25  24 

287.46 

10  37 

14 

143.99 

Mar.   7 

16  44  14 

295.80 

l(i  59  3 

89.92 

10  40 

35 

143.63 

0 

17  36  52 

297.22 

17  21  39 

89.69 

10 

9  30  51 

31.77 

9  38 

25 

60.01 

12 

13  39  6 

87.28 

14  25  2 

114.62 

9  48  43 

32.96 

9  40 

9 

59.88 

14  9  16 

87.48 

14  38  12 

114.48 

17 

9  8  21 

175.37 

9  13 

53 

41.94 

13 

13  57  45 

97.56 

15  0  28 

219.80 

9  20  45 

17564 

9  17 

40 

41.90 

15  3  53 

219.82 

•   20 

11  5  54 

241.27 

11  19 

4 

8.3.24 

19 

15  9  23 

264.99 

15  44  20 

19.39 

11  35  30 

242.05 

11  25 

48 

83.55 

16  0  8 

20.00 

June  4 

10  14  31 

252.67 

10  31 

57 

1.52.51 

21 

13  54  18 

107.91 

14  3  30 

121.38 

10  46  21 

253.05 

10  34 

3 

152.95 

14  26  14 

108.50 

14  5  38 

120.24 

8 

9  39  59 

267.09 

9  53 

29 

202.97 

.  . 

14  13  49 

120.15 

10  8  49 

267.23 

9  55 

59 

202.51 

14  16  49 

119.66 

13 

9  29  20 

70.61 

23 

13  47  31 

291.11 

13  58  1 

59.72 

14 

9  25  1 

74.59 

9  34 

38 

110.24 

14  5  3 

60.15 

9  44  19 

74.91 

9  36 

26 

110.82 

24 

11  15  35 

306.06 

00 

10  39  5 

262.95 

10  48 

7 

2.39.53 

2G 

11  13  16 

80.79 

11  10  17 

263.20 

10  51 

36 

239.61 

27 

12  29  31 
12  40  34 

91.06 
91.15 

12  11  33 

229.47 

27 

8  28  25 

288.42 

8  42 
8  46 

8 
47 

95.37 
94.90 

NEW  ELEMENTS  OF  PLANETS  (313)  AND  (346), 

By  LEWLS  BCSS. 


Assistant.?  Ogburn  aud  Eciy  of  this  Observatory,  during 
a  course  of  instruction,  have  computed  elements  of  Cliuldiiea 
(313),  from  observations  made  at  the  Dudley  Observatory 
during  the  opposition  of  1894,  which  are  pubhshed  in  A.J., 
339.  The  observations  of  June  28,  .July  25  and  Aug.  9,  are 
exactly  represented,  but  the  representation  of  other  obser- 
vations leaves  something  still  to  be  desired.  In  view  of  the 
computations  of  Mr.  Beebekich  (A.J.  340),  it  did  not  seem 
Worth  while  to  continue  this  investigation.  The  new  ele- 
ments are  these : 

Epoch   =   1894  July  14.0,  Berlin  M.T. 

M  =   14(i  20  12.2 
to   =   313  44  23.9  ) 

42.1  V  18 


9,    =   176  39 
i  =     11  34 


57.4  \ 


1894.0 


lof 


=     10  27     7.4 
=   968".  2209 
=   0.376022 


Assistant  Roy  having  experienced  some  difficulty  in  find- 
ing j)lauet  (346)  from  the  elements  in  the  Jahrhuch,  has 
computed  new  elements  of  this  planet  under  my  instruction. 
The  following  table  indicates  the  basis  of  his  computations, 
and  exhibits  the  results  of  a  comparison  of  the  corrected 
observations  with  an  ephemeris  computed  from  the  finally 
deduced  elements.  Many  of  the  star-places  as  published 
received  imi^ortant  corrections.  Differences  inclosed  in 
brackets  had  no  influence  in  the  formation  of  normal  places ; 
some  other  observations  received  small  weight. 


S!S 


THE     A  S  T  R  O  ^'  U  .M  1  C  A  L     J  0  U  K  N  A  L . 


NO-  347 


Comparison  of  Obsekvations  with  Computatiox  (t  • — (.'). 


riace 

Nice 

Nice 

Nice 

Nice 

Ilnmbuig 

Jlaiubing 

Hi  in  lung 

raduu 

Ititme 

I'luhia 

.\lgier.s 

Algiers 

ratlua 

l-adua 

Nice 

Nice 


JBSEKV 

Berlin  Time 

:-3 


Nov. 
Nov. 
Dec. 
Dec. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
.Ian. 
Jan. 
Jan. 
Jan. 
1-V1>. 
.Mar. 


29 

19 

7 

9 

10 

11' 

13 

13 

13 

14 

20 

23 

1 


Ju 

-0.03 
-0.04 
+0.08 
[  +  0.10] 
-0.09 
+  (1.30 

+o.o:. 

+  0.1(i 
+  0.13 
+  0.11 
-0.03 
-0.17 
[  +  0.52] 

r-n.;u] 

[  +  0.0(i] 

o.oti 


+ 

[+ 

+ 
+ 


J8 

« 

-  0.3 

-  0.2 

1.1 

0.5] 

2.0 

1.2 

+   0.5 

-  7.1 

-  1.3 

+  I.e. 

-  2.4 

-  1.0 
[+   1.7] 

[  +  1S.0] 
[+    1.9] 
(•.(I 


Publication 


B.A..  X.  59 


A.N.  134,  383 


A.N.  3104 
^..V.  3183 


A.N. 
B.A. 


3104 
X.  179 


A.N.  3101 


n..i..x.: 


Tlie  computation  resulted  in  the  folluwing 

Elemext.s  of  Plaxet  (34t);. 
Epoch   =   1893  Jan.  13.5  Berlin  M.T. 

31  =     42  25'    9.2 


5()  55.0  ) 

20  25.0  1 1893.0 


Si    =  92  .-    .„.„ 
;  =       8  45  25.4  ) 
y   =       5  50     0.5 

fx  =  758".9757 

log»   =  0.4405192 

/«„  =  11  ".5;  .'/   =   7 ".5 

The  planet  was  found  on  April  21,  1895,  7'  south,  and 
1"'.3  following  the  predicted  place.  A  small  change  in  /x 
sufficed  to  produce  a  fair  representation  of  this  obser- 
vation. 


MEKlJ)rA:N^   OBSERVATIONS   OF    (6)  ITEBE, 

JIADE    AT   THE    r..*.    XAVAL   l)I!SEltV.\TOI!Y    WITH   THE   9-INlIl     TH.VNSIT    CHICLE. 

[Communicated  by  Prof.  Wm.  IIaukxess,  U.S.X.,  Astronomical  Director.] 


Date,  1S95 

Observer 

a 

Corr.  to  B.J. 

8 

Corr.toB.J, 

logpJ  for  8 

March    6 

King 

h       m        s 

11   17  54.89 

+  3!39 

0       ;          n 

P 

21 

Skiuuer 

11     5  13..5G 

+  3.35 

+  17  40     8.1 

-4.1 

0.4993 

22 

Skiuuer 

11     4  20.99 

+  3.35 

+  17  52  59.4 

-3.6 

0.4971 

28 

Skinner 

11     0     0.51 

+  3.27 

+  18  29  30.9 

-3.0 

0.4847 

29 

Skinner 

10  59  20.73 

+  3.28 

+  18  34  49.4 

-3.1 

0.4829 

These  observations  have  been  corrected  for  parallax. 


NOTATION   AND  NO:\IENCLATURE   OF   ASTEROIDS. 


Mr.  IIkkuekkh  has  kindly  commiuiicatcd  the  numbers 
assigned  to  small  planets  discovered  since  (390)  [See  A.J., 
no.  329]. 


BD 
BE 
BF 
BG 
BH 
B-J 
BK 
BL 
BM 
BN 


1894-5 

Nov.  1 
Nov.  1 
Nov.  4 
Nov.  4 
Nov.  19 
Nov.  24 
Nov.  30 
Dec.  1 
Dec.  19 
Dec.  28 


Wolf, 


bokrelly, 

Charlois, 


Heidelberg, 


Marseilles, 
Nice, 


orbit  unknown 

(391) 

(392) 

(393) 

(394) 
(369)Jp>w 

(395) 

(396) 

(397) 

(398) 


BO 
BP 
BQ 
BR 
BS 
BT 
BU 
BV 
BW 


1H04-J 

Apr.  9 
Feb.  23 
Feb.  23 
Feb.  25 
Feb.  25 
Mar.  16 
Mar.  15 
Mar.  15 
Mar.  21 


Roberts 

AVOLF, 


Heidelberg, 


orbit  unknown 

(399) 
orbit  luiknown 

(379) 
(333)  Bddi'iiiii 

(401) 

(400) 
(20'A)P>,>iij,i;iu 
l.robably  (402) 


(_'ii  AiM.ols.      Nice, 
Wolf,  Heidelberi 

Charlois,  '    Nice, 
Mr.  Bekberrh  suspects  that  a  more  recently  discovered 
asteroid,  BX,  may  prove  to  be  the  \on>^-\o&t  (156)  Xoiif/i iji/ic. 
Names  have  been  assigned  as  follows : 

No.  392      Wllhclm'iiHi         1         No.  101      Otfilia 


No.  34.1,  p.  1)5,  col.  1,  1.  17,    for    circle    put    cycle. 

p.  72,  in  Ephemeris  of  Variables,  Jime  4,  h  Librae,  fur   10'' 
/.»/     10''. 


CORRIGENDA. 

Xo.  :;4.j.  p.  Tl,  June  2.5.  V  Ojihiuchi,    for     Ifl''    init     9''. 

p.  72,  July  211,  30.  linrs  .")  and  4  from  below,  transpose  the 
names  U  Op  In  u  eld  and  U  Ctj/hci. 


IIV    I'Uul'.  Ohmoxd  .Stoxk, 


CONTENTS. 
llEvisED  Supplement  to  Secon:>  Catalogue  of  Variable  Stars,  by  Dr.  S.  C.  Cha\iii.i:i;. 
The  Orbit  of  Comet  1892  V,  by  Prof.  J.  G.   Porteh. 

MicnoMETIilCAL    CoMI'ARI.«0>S   OF    POSITIONS   OF   TiT.VX      WITH   THOSE   OF   TETIIYS,    DiOXE    .VNH    IIUKA. 

New  Elements  of  Pl.\xets  (313)  ami  (34(>),  by  Prof.  Lewis  Boss. 
.Meridian  Observations  of  (OjHebe,  by  Prof.  Wm,   IIarkness. 
Notation  anii  Nomenclature  of  Asteroihs. 

CoKRKiEND.V. 
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OBSERVATIONS   OF   SMALL   PLANETS, 

.MADE    AT   THE   U..^.   NAV.VL    01!.SE1!V.\T0UV    WITH    THE   9.0-INCH    EQl'.\^r<)KI.\L. 

By  PitOF.  EDGAll  FRI.SBY,  U.S.X. 
[Communicateil  by  Prof.  Wm.  H.\.r.KX£ss,  U..S.N.,  Astronomical  Director.] 


1894  Washington  M.T. 


Xo. 
comp. 


rianet  —  ^ 
J«  I  Jo 


Planet's  Apparent 
a  d 


log  iiA 
for  a   I  for  8 


July  26  10  36  11.1 
Aug.  7  10  45  13.4 


Oct. 


1 

2 

5 

6 

15 

16 

17 

19 

20 


Nov. 


Xov. 


Dec. 


Dec. 


11  44  2.3 
10  38  13.7 
10  25  51.5 
10  42  44.6 


10 


52.3 


11  14  53.0 

9  18  3.5 

11  18  9.0 

10  46  28.6 


Oct.  31  10  21  54.4 

Xov.  1  10  26  40.5 

3  10  1  46.8 


19 
21 
3 
14 
15 
17 
19 


14 
15 
17 
19 


11  47  43.7 

11  4  55.3 

12  0  42.6 
12  32  24.5 

■^^  48.3 


10 
8  44 

8  4 

9  47 

8  26 


12.1 

11.7 

1.1 

46.2 


10  8  16.6 

10  32  54.3 

8  43  57.9 
10  52  28.6 

9  31  33.5 


Dec. 


5  11  42  48.4 

14  9  54  41.9 

17  11  26  23.3 

19  10  28  11.8 


L't)  .  O 

12,3 


20  .  4 
15  ,  3 


3 

7.2  1 

3 

20  ,  4 

3 

13  ,5 

4 

20,4 

5 

20,4 

5 

20,4 

5 

20  ,4 

5 

20  ,4 

5 

10  .  2 

6 

20  ,  4 

6 

2(1  .  4 

7 

20  .  4 

9 

18  ,  4 

9 

15  ,  3 

10 

10  ,2 

11 

14  ,3 

11 

19,4 

.  12 

20  .4 

13 

20  .  4 

14 

20  .  4 

15 

14  .  3 

15 

15  .  3 

16 

9,2 

16 

15  ,  3 

17 

16  ,  2 

18 

12  .  3 

18 

15.4 

18 

15  ,  3 

(241)    Gerniania. 


-0 
+  0 


9.34 
43.37 


-   1  18.3 
+  12  57.1 


(119)  Althaea. 


1.19 
37.40 
30.24 
38.69 
14.35 
16.99 
17.99 
15.14 
11.10 


+ 


I      I  I  .O 

1  11.7 
16  42.3 
8  49.3 
3  46.4 
0  27.5 
9.3 
55.7 


-   4 
-11 


-15  21.6 


(87)  Sylvia. 


-1  23.53 

-2     8.41 
+0  55.47 


+  0 
-0 

+0 

-1 
+1 

+2 
+  1 
+  4 
+  2 

-1 
+  1 
+  0 
-1 
-3 

+0 
+  0 
2 

-4 


(190) 
53.54 
21.11 

(95) 
35.45 

6.90 
18.20 

2.96 
19.40 

6.89 
54.59 


-10  45.1 
-11  58.3 
-11  18.5 
Ismene. 
+  6  39.9 
-  1  32.0 
Arethusn. 


+  7 

-  6 

-  1 
-12 
-IS 

-  3 

-  5 


35.2 
20.1 
15.7 
0.6 
5.2 
28.7 
59.9 


(134)   Sophrosyne. 


19.36 
52.07 
46.52 
34.53 
42.06 


+ 


+ 


45.4 

52.8 
35.6 
38.0 
48.2 


(26)  Proserpina. 


24.33 
24.75 
36.76 
29.32 


-17  26.5 
+   1  55.8 

-  1  11.6 

-  3  19.3 


19 

19 


34 


1.54  1-18 
11.13  i-18 


19 
13 


16.0 
45.6 


W8.9108 
8.5700 


22  35  32.42 


•SJ.  35 
22  34 
22  33 
22  32 
22  32 
22  32 
22  32 


8.63 
1.46 
43.37 
5.06 
2.42 
1.41 
4.25 
8.29 


3  33 
3  51 


57 
42 
46 
50 
58 
1 


2  18  31.84 
2  17  46.98 
2  16  16.18 


2  20  57.30 
2  19  42.67 


+  2  57 
+  2  56 
+  2  53 


27.6 
14.4 

58.6 


0.8463 
0.8657 

0.7695 
0.7732 
0.7755 
0.7757 
0.7780 
0.7508 
0.7840 
0.7754 
0.7789 


n8.4710  I  0.7329 
W9.1128  0.7144 
W9.2012  0.7153 


1.5 

9.3381 

7.1 

9.0023 

1.1 

9.0222 

11.0 

9.1544 

21.0 

9.3599 

34.9 

9.4358 

16.7 

8.8345 

3.1 

9.4734 

28.0 

9.4022 

+ 


8  21  36.9 
8  13  25.0 


8.4068 
W8.6294 


43  5.97 

41  23.65 

30  52.36 

21  48.78 

21  5.28 

19  34.47 


+  21  15  31.71  «8.9896 
+  21  1  36.4!  /n.9508 


+  19  38  49.9 

+  18  25  40.5 

+  18  19  35.9 

+  18  6  52.4 


4  18  15.56  +17  55  4.1  »9.5252 


M9.1745 
W9.3866 
M9.4899 
«8.9856 


53 
42 
41 
39 
37 


54.60 
40.41 
34.87 
10.56 
3.04 


+42 
+  42 
+  42 
+  42 
+  42 


58 
35 
31 
22 
12 


22.9 

8.7 
26.1 
20.5 
55.0 


4  56  48.19 

4  47  36.54 

4  44  35.06 

4  42  42.50 


+  25  20  18.7 

+  25  13  35.2 

+  25  10  27.8 

+  25  8  20.2 


W9.4478 
n8.9729 
W9.4504 
W6.6910 
JJ9.3186 

?(8.4944 

»9.2288 

8.7967 

»8.6.386 


0.6499 
0.6519 

0.4312 
0.4288 
0.6492 
0.4912 
0.5531 
0.4984 
0.5717 

»9.2133 
?i9.7360: 
9.3818 
K9.7523 
W9.5066 

0.3108 
0.3480 
0.3203 
0.3190 


(89) 


90 
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1894-85  Washington  >l.  T. 

* 

No. 
comp. 

Plauet—  * 

1 

Planet's  Apparent 
a              1            rj 

log  ;)A 
for  a           for  8 

(28)   Bellona. 

Dec. 

14 

1 
11 

n 

54 

S 

19 

3 

in      6 

+  0  42 

+  5     6.7 

ll          III         S                             3 

5  12  11         +   8 

53 

12.2|      .... 

17 

11 

50 

39.0 

20 

15 

3 

-0 

34.07 

+   1  11.7* 

5     9  25.18   +  8 

57 

52.9     8.8007    0.0532 

19 

11 

4 

19.5 

20 

20 

4 

— 

21.03 

+  4  16.8 

5     7  38.23    +  9 

0 

57.9,  «S.2300    0.0412 

Jan. 

I'.t 

11 

20 

13.S 

21 

20 

4 

+  2 

(58) 
0.48 

Coneordia. 
+   7  14.0 

8  25  22.26 

+  14 

11 

3.9 

«9.1412 

0.5730 

L'C 

10 

S 

49.S 

•!•> 

20 

4 

+0 

32.98 

+   0  40.8 

8  18  59.68 

+  14 

43 

28.8 

w9.3(»91 

0.5753 

.Ian. 

.•:i 

It 

51 

K.Sf 

23 

20 

4 

+  1 

(11)  Pavthenope. 
12.56    +   1  34.7 

7  27  35.15 

+  21 

'» 

32.2!    9.1()04    0.4298 

Feb. 

•  > 

11 

•  *~ 

.•u 

24 

2 

, 

, 

-10  14.8 

+  21 

9 

25.3]       .     .       0.4379 

Feb. 

:.'3 

10 

4i) 

27.4 

25 

18 

4 

—0 

(6)  Hehe. 
19.61     -  3  37.7 

11  27  20.46 

+  13 

49 

31.6i  «9.4412  1  0.6050 

28 

10 

42 

21.9 

26 

5 

1 

_o 

3.82 

+  4  11.4 

11  23  10.95 

+  14 

41 

5.7i  W9.4004 

0.58681 

Mar. 

21 

11 

IS 

51.7 

27 

30 

6 

+  2 

3.01 

-   0     4.9 

11     5  13.55 

+  17 

46 

13.5 

8.3880 

0.6880 

oo 

11 

29 

42.1 

27 

20 

4 

+  1 

15.58 

+   6  47.4 

11     4  26.12 

+  17 

53 

5.9 

8.7533 

0.6831 1 

25 

10 

2 

57.4 

28 

19 

4 

+  1 

1.70  1-6     5.2 

11     2  14.06 

+  18 

12 

4.2 

,t8.9841    0.5000! 

28 

10 

39 

30.5 

28 

20 

4 

-1 

5.90  !  +11  22.1 

11     0     0.44 

+  18 

29 

31.3 

7.8816    0.4848 

•  Probably  1  revolution  = 

Mean 


24 '.0  wrong. 

Places  for  1S94.0  and  1S95.0  of  Comparison- Stars. 


Ked.  to 

8 

Reil.  to 

* 

a 

app.  place 

app.  place 

.Authority 

h 

m       s 

9 

1 

r 

ff 

1 

19 

34     7.45 

+3.43 

-18     7 

58.2 

-  0.1 

Weiss's  Argelander  15597 

2 

19 

24  24.31 

+  3.45 

-IS  26 

41.7 

-  1.0 

Koiin  VI,  19'-  5:! 

3 

22 

33  27.84 

+  3.39 

-   3  34 

30.4 

+  17.6 

Weisse-itessel  XXII,  004 

4 

22 

35  18.67 

+3.39 

-   4     6 

18.0 

+  17.7 

Schjel.  9279 

5 

22 

32  10.11 

(  +3..30 
(  +.3.28 

-   4  40 

24.4 

(  +17.0 
'(  +17.0 

^(2  Yarnall  +  Crant) 

6 

2 

19  01.58 

(  +3.79 
"(  +3.81 

+  37 

47.6 

(  +25.1 
(  +25.1 

Schjel.  687 

7 

2 

15  18.64 

+  3.87 

+  34 

52.2 

+  25.1 

Weisse-Bessel  II,  201 

8 

0 

19  59.93 

(  +3.83 
■(  +3.85 

+  8  14 

31.8 

<  +25.2 
i  +25.2 

"Weisse-Bessel  II,  287 

9 

4 

42  20.07 

(  +4.45 
"(  +4.48 

+  21     7 

.39.5 

(  +17.0 
\  +17.0 

AVeisse-I^essel  IV,  899.900 

10 

4 

29  29.82 

+4..34 

+  19  39 

44.0 

+  21.6 

Grant  1100 

11 

4 

19  41.17 

\  +4.65 
"(  +4.71 

+  18  37 

22  1 
t 

(  +19.0 
■(  +19.0 

Yarnall  1947 

12 

4 

1.")  22.93 

+  4.65 

+  18  10 

1.7 

+  19.4 

Weisse-Bessel  IV,  270 

13 

4 

15  16.33 

+4.64 

+  18     0 

44.6 

+  19.4 

"Weisse-Bessel  IV,  267 

14 

4 

55     8.29 

+.5.67 

+42  54 

21.9 

+  15.6 

Bonn  Zones  I\',  4064 

15 

4  40  42.61 

+  5.73 

+42  36 

42.9 

+  18.0 

Bonn  Zones  3850 

16 

4 

40  .39.36 

(  +5.73 
■(  +5.74 

+  42  16 

23.8 

(  +18.7 
"(  +19.4 

Bonn  Zones  3849 

. 

17 

4 

56  18.99 

+4.87 

+  25  37 

29.4 

+  15.8 

Weisse-Bessel  IV,  1220  emendata                    | 

18 

4 

47     6.84 

(  +4.95 

■(  +4  98 

+25  11 

22.4 

(  +17.0 
(  +17.1 

Weisse-Bessel  IV,  1002,3 

I'.t 

5 

11  24.20 

+  4.53 

+   8  47 

52.5 

+  13.0 

Weisse-Bessel  V,  195 

20 

5 

9  55.29 

<  +4.56 

<  +4.57 

+   8  56 

27.5 

(  +13.7 
"(  +13.0 

Weisse-Bessel  V.  104 

■ 

■   21 

8 

23  19.98 

+  1.80 

+  14     3 

48. 0 

+   1.3 

Bonn  VI.  +14'190l 

1 

22 

s 

18  24.85 

+  1.91 

+  14  42 

40.9 

+   1.1 

Bonn  VI.  +14=1885 

23 

1 

10  20.00 

-1-1.93 

+  21     0 

,53.0 

+  4.5 

Bonn  VI,  +21°1631 

1 

24 

+  21   19 

3.3.6 

+  4.5 

Weisse-Bessel  VII,  093 

25 

11 

27  3S.O0 

+  2.07 

+  13  .53 

20.9 

—11.6 

.Schjel.  4176 

20 

11 

25  12.65 

+  2.12 

+  14  37 

5.0 

—10.7 

Bonn  VI,  +14''2395 

•>"• 

11 

3     8.20 

+  2..34 

+  17  46 

27.6 

—  9.2 

Paris  Lalande  13010 

28 

11 

1   10.03 

{  +2.33 
'(  +2.31 

+  18  18 

18.0 

r—  8.6 

■(  —  8.8 

• 

Paris  Lalande  13566 
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MAXIMA  AI^D  MINIMA  OF  VARIABLE   STARS  OBSERVED  I:N'   1894-1895, 


By  G.  GKUSS 
The  following  observations  'were  made,  like  our  previous 
series  {A.J.  no.  318),  with  a  8-ineh  equatorial  instrument  of 
the  Bohemian  University  Observatory  (Prague  VII,  80),  by 
Akgelandeb's  method.  The  magnitudes  are  expressed  in 
the  Akgelanbku  scale. 

1)      10.'!.      'T  Andromedae. 
By  twenty  observations,  fr(im  IS'JI  S^ptenihcr  1.")  to  1895 
Feb.  22,  we  obtain 

Max. :     1894  Dec.  3,     8«.4. 

2)     ()7S.      UPersei. 
UPersei  was  observed  from  1894  March  12  to  1894  April  9. 
In  the  beginning  8". 6,  and  in  the  end  7". 7. 

3)      90fi.     /.'  Trlaiigiili 
By  thirty-one   observations,   between   1894    Dec.  9    and 
1,S9.")  ^larch  30,  we  deduce    • 

Max. :     1895  Feb.  9,     0>'.(3. 

4)  1113.      UArietis. 

This  star  was  under  observation  from  1893  Sept.  15  to 
1895  Jan.  14,   the    observations    numbering    twenty-eight. 

These  give 

Max. :  1893  about  Nov.  9,  8".() 
Max. :  1895  about  Nov.  1,  7"'.0 

5)  1367.     X  Tanri. 

AYe  observed  this  star  from  1893  Sept.  15  to  1894  April  3 
(seventeen  times),  and  from  1894  Oct.  20  to  1895  Feb.  17 
(nine  times),  about  8''.0.  The  change  of  hglit  was  irregu- 
lar (±U".2). 

6)  1574.      WTauri. 

Fifteen  observations  of  this  star,  from  1894  Aug.  27  to 
1895  Jan.  15,  show  a  maximum, 

1894  Nov.  11,     8>'.8. 

7)  1577.     ii  TduvL 

From  1894  Feb.  12  to  1895  April  8,  thirty  observations 
were  made,  giving 

Max.:  1894  April     G.  7".4 

Max. :  1895  March  15,  9»'.2 

8)  1582.     STauri. 

Twenty-five  observations,  between  1894  Jan.  12  and  1895 
Feb.  27,  give  the  following  epochs : 

Max. :     1894  Feb.    4,     9".3 
Max. :     1895  Jan.  25,     9".3 

9)  21U0.      U  Orionis. 

By  twenty-eight  observations,  from  1895  Jan.  23  to  1895 
March  31,  we  obtain 

Max. :     1895  Feb.  25,     6".8 

10)  3180.      T  Cancri. 

This  star  was  observed  twice. 

■  1894  April  20,     8''.3 
1894  May      6,     8>'.3 


AND  V.  LA.SKA. 

11)     3567.      V  Li'onls. 
This  star  was  observed  three  times. 

1894  March  23,  8".8 
i\Iarch  26,  S»'.9 
May        0,     7". 3 

12)  4731.     S  Canuiii    Vanaticiirciii. 

We  observed  this  star  from  1893  Aug.  23  to  1893  Dec.  2 
(sixteen  times),  from  1894  Jan.  22  to  1894  Dec.  29  (seven- 
teen times)  about  8". 8.     The  star  was  constant. 

13)  4948     1!  ('(tinini  Venaticorum. 

By  nineteen  observations,  from  1894  June  22  to  1894 
Nov.  29,  we  obtained 

Max. :     1894  Aug.  26,     0>'.9. 

14)  5194.      VBootls. 

Twenty -two  observations  of  V  Bootls,  from  1894  May  28 
to  1894  Nov.  24,  indicate  a   maximum  of  7". 6,  occurring 

1894  July  3. 

15)  6438.      YLiln-iH;. 

Since  1894  Feb.  8,  we  have  observed  this  star  up  to  1894 
Aug.  15,  eleven  times ;  it  was  hardly  seen. 

16)  5667.     R  CoriiiKii'. 

Was  observed  by  Laska  from  1894  July  13  to  1894 
Dec.  14.  It  rose  rapidly  from  1894  Aug.  15.  A  maximum 
5". 8  was  passed  on  1894  Oct.  22.  The  observations  number 
thirteen. 

17)  5758.     X  Herndis. 

We  have  twenty-four  observations  of  X  Herculh  from 
1894  June  23  to  1894  Dec.  3.  The  observations  of  this  star 
show  two  maxima  and  two  minima. 

Max.:     1894  July  11,     6 ".4 

Miu. :      1894  Sept.    1,     6".9 

Max. :     1894  Oct.    15,     6«.3 

Min. :      1894  Dec.      3,     6>-.9 

18)  5889.      U  Herndis. 

Was  observed  from  1894  July  22  to  1894  Oct.  7.  The 
brightness  at  the  first-named  date  was  7". 3 ;  at  the  last  ob- 
servation, 9". 5.     No  maximimi. 

19)  5950.      W  mnndls. 

During  the  year  1894  we  have  observed  W Herciilis  thirty 
times,  from  1894  June  22  to  1894  Dee.  13. 
Max.:     1894  Oct.  21,     7".9. 

20)  6005.     SDmconis. 

From  1894  June  28  to  1894  Dec.  9,  nineteen  observations 
of  this  star  were  obtained ;  from  these  ^\•e  have  determined 
Max. :     1894  Oct.  26,     8".2. 

21)  6442.      ZHei-nills. 

We  observed  Z  Hi'i-ndh  twenty-seven  times  on  the  ISth 
September,  1894,  from  7"  57"'  to  11"  16'",  and  deduce 
Min. :     1894  Sciit.  18.  9"  36'".0  Prague  M.T. 
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22)     G682.     XO/>hiuehi. 
By  foity-three  observations,  from  1S94  June  20  to  1894 
Dec.  13,  we  obtain  a  well  deterniineil 

Max.:     lS;t4  Sept.  11,     :"."». 

23)  G72G.      T.hiiiihie. 

This  star  was  iiniler  observation  from  1894  June  20  to 
1894  Deo.  13,  the  observations  numbering  forty-three. 
These  give  one  maximum  1894  June  2S,  8". 9,  and  one 
niinimuni  1894  Nov.  9.  9'. 7.     The  first  not  especially  good. 

24)  );834.      rA'jiilliie. 

From  1894  June  1  to  1894  Dec.  13,  we  have  thirty -tive 
observations  without  results.  Tliis  irregular  red  star  was 
during  the  interval  "".3 — 7". 7. 

25)  r.849.     K  Aijuihw. 

Ji  Aijiii/<ie  was  observed  thirty -two  times  from  1894 
May  28  to  Oct.  23.     We  find  a  well  determined 

^fax.:     1804  July  5.     (5".2, 
fjid  oTie  seoiiudary  maximum  after  the  principal. 

20)     f.'Jiio.      W  At/iiili(i\ 
yf  AtjiiUue  was  1894  July  29,  l(l".l,  Aug.  C.  Kiro.  ami 
from   1894  Sept.  18  to  1894  Dec  13.  8". 2.  with   small  vari- 
ations UM— 0>'.2. 

27)     0943.      T  Swjlttiie. 
Tliirty -three  observations  of  T  Sat/tftaf,  from  1S94  June 
22  to  Dec.  9,  show  a  maximum 

1894  July  21,     8>'.0. 
At  the  last  observation  the  star's  light  had  decreased  to 
9". 7.     The  brightness  when  first   observed  was  estimated 

9«.2. 

28)     7(t45.     B  C'rj'i!. 
P^igiit  ol)servations  of  K  Cijgnl,ivom  1894  May  !l  to  1894 
Oct.  21,  indicate  a  maximum  of  S^.O,  occurring  1894  June  1. 
The  magnitude  Avhen  last  observed  was  9". 2. 

29)     7085.     RT  Cij-jnl. 
Since  1894  July  29  we  have  observed  RTCygni  twenty- 
three  times  to  1895  Feb.  8.     It  decreased  steadily  from  the 


first  observed  magnitude,  7". 8,  to  minimum  1894  Oct.  15, 
10". 0,  and  inerea.sed  steadily  to  nuixiuniin  IS'.)  I  Dec.  17, 
r.  >'.<;. 

3(1)      7201.     J!  Del  phi  111 . 

We  have  twenty-seven  observations  of  this  star  from 
18'.)4  June  20  to  1S;)4  Oct.  21.  A  maximum  was  jiassed  on 
1894  July  21,  S"'.l.  The  brightness  of  last  observation 
was  9".8. 

31)     742.S.      rCi/'jiil. 

From  1.S94  .hily  13  to  1895  Feb.  8,  this  star  was  observed 
twenty-four  times.  During  the  whole  interval  the  star 
was  about  9". 5. 

32)      7448.      WA'/uarH. 
IJ' Ai/i<iirii  was  observed  thirteen  times,  from  1894  July 
13  to  1894  Nov.  24.     The  brightness  when  first  observed, 
was  estimated  as  KP'.d;  at  the  last  observation,  1P'-12". 

33)  7450.      VA'/wu-;;. 

By    fourteen   observations,    between    1894   July  13  and 

1894  Dec.  9,  we  deduce,  not  certainly, 

Min.:      1894  Oct.  21,     9". 2. 
The  light  at  the  first  and  last  observation  was  abf(ut8«.5. 

34)  745(;.     lili  Ci/f/ni. 

From  1S'.)4  Aug.  2  to  1895  Feb.  8,  twenty -nine  observa- 
tions were  made,  giving  a  maximum  about  middle  (jf 
August.  1S04. 

35)  7795.     liVCij'jiii 

This  irregular  star  was  observed  from  1894  July  13  to 

1895  Fell.  8,  thirty-three  times.     These  give 

Min.:     1894  Sept.  28,     8>'.G 
Min.:     1894  Dec.  17,     8>'.G 

36)  8008.      S  Lurertae. 

S  Lacertae  was  observed  thirteen  times  from  1  S'.l  I  Aug. 
27  to  1894  Nov.  22.     We  find  quite  certainly, 
-Max. :     1894  Sept.  17,     7".0. 
The  brightness  at  last  observation  was  9". 7. 


OX   THE   LIGHT-CURVE   OF   103  T  AXDROMEDAE, 

By  PAUL   S.  YEXDELL. 


Since  the  appearance  of  my  ])aper  on  T  Amlrotnedne  in 
No.  335  of  this  Journal,  four  other  determinations  of  the 
same  maximum  there  published  have  appeared,  as  follows : 
In  Popiiliir  Asfroiwwij,  March  1895,  J.  A.  P.\KKiirHST,  14 
ob.servations,  1894  Dec.  3,  and  F.  F.  Arnold,  11  observa- 
tions, 1894  Dec.  4;  in  the  Astrojilii/sinit  Jouninf.  April 
1895,  Prof.  E.  ('.  PicKKRiNO.  from  12  photographic  plates. 


referred  to,  was.  from  34  oliservations,  1894  Dec.  4.  The 
mean  of  all  these  dates,  assigning  them  weights  in  pro- 
portion to  the  number  of  observations  from  which  they 
were  respectively  deduced,  is  1894  Dee.  5,  and  fully  con- 
firms my  assumption  that  my  own  date  is  not  in  ei-ior  by 
more  than  a  single  day. 


In  the  A.ifriqihi/sirid  Jinirniil.Un  .\y\-'\\  1S'.I5,  I'rol.  J'li  k- 

1895  Dec.  10 ;    and   by   II.   -M.   V.wiMuvHiiT,   Astroiiomicnl  j  erixg  has  published  his  photographic  measures  of  this  star 

Jnwmd,  No.  340,  from  14  photometric  observations.  1894    1  since  1891,  with  the  dates  of  maxima  deduced  by  him  from 

Dec.  0.  I  the  same,  which  he  considers  confirmatory  of  his  original 

My  own  determination,  published  in  the  paper  fir.st  above   j  published  peiioil  of  281  days,  although  the  last,  which  is 
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the  only  well-cletermined  one  of  the  entire  series,  is  sharply 
discordant,  showing  a  residual  of —26  days  from  the  time  of 
inaxiniuni  computed  from  the  elements  publislied  in  the 
Astro iwittlsclie  N<tclirlchti'»,  Vol.  134,  p.  347.  Inasmuch  as 
they  are  deduced  by  a  law  which  Piof.  Pkkkking  liimself 
expressly  characterizes  as  "assumed,"  from  an  inadopiate 
number  of  ol)servatinns,  — in  one  case  from  a  single  measure 
at  nearly  minimum  light,  and  in  all  but  one  by  the  use 
of  values  at  a  part  of  the  liglit-curve  of  which  we  know 
almost  nutliing— tlie  remaining  dates  are  at  least  as  unsatis- 
factory as  those  of  mine,  found  frdui  the  same  measures  by 
the  use  of  a  curve  actually  observed,  whicli  dates  he  stigma- 
tizes as  "  illusory."  I  am  aware  that,  so  far  as  my  own 
dates  were  deduced  from  the  same  measures,  they  are  open 
in  part  to  the  same  objections ;  but  they  were  put  forward 
only  as  rough  approximations  from  insutticient  and  uncer- 
tain data,  and  not,  as  claimed  for  the  Harvard  results,  as 
possessing  an  accuracy  hitherto  unattained.  Moreover, 
they  were  fairly  accordant  among  themselves,  and  well  sat- 
isfied by  the  elements  deduced  from  them,  wliieh,  in  spite 
of  Prof.  Pickekixg's  assertion  to  the  contrary,  i.?  nt)t  the 
case  with  his  results.  To  state  baldly  that  the  period  has 
changed  is  a  begging  of  the  entire  question,  and  requires 
more  proof  than  is  furnislied  by  the  bare  assertion. 

The  period  of  281  days,  if  carried  back  to  the  dates  of 
the  Bonn  and  Cambridge  observations  in  1855  and  1878,  at 
both  of  winch  times  the  star  must  have  been  very  near  a 
maximum,  fails  to  account  for  them  by  nearly  a  month  in 
each  case,  the  residuals  having  opposite  signs ;  the  2Go-day 
period,  however,  starting  from  the  well-fixed  date  of  maxi- 
mum, 1894  Dec.  5,  accounts  for  them  as  nearly  as  the 
uncertainty  of  the  actual  dates  of  maxima  allows.  ;N'o  ele- 
ments which  fail  to  account  for  these  dates  can  be  satis- 
factory. 

Until  further  material  shall  have  accumulated  from  the 
observations  of  the  next  two  or  three  maxima,  however,  it 
seems  useless  to  enter  at  any  length  upon  a  discussion  of 
the  elements. 

Following  the  observations  from  wliich  my  published 
maximum  was  deduced,  I  secured  six  more,  the  last  date 
on  which  a  regular  comparison  was  made  being  1895 
Feb.  13.  The  star  was  seen  on  Feb.  20,  but  only  an  eye- 
estimate  of  magnitude  was  made,  and  neither  this  obser- 


vation nor  that  of  1894  Oct.  22  have  been  included  in  the 
reductions. 

After  the  series  was  finally  (dosed,  all  the  observations 
were  carefully  reduced  anew,  the  light-scale  and  magnitude- 
scale  being  carefully  revised.  The  graphic  work  of  the 
reduction  was  carried  out  with  extreme  care,  and  every 
possible  precaution  used  to  avoid  the  presumable  inllueuce 
of  the  former  reduction.  The  resulting  date  of  maximum 
fully  confirmed  tlie  original  one,  being  Dec.  4.5. 

The  readings  in  the  column  C  of  the  table  of  observed 
magnitudes  are  taken  from  the  light-curve  as  finally  drawn. 

The  comparison-stars  used,  with  their  DM.  magnitudes 
and  those  deduced  from  my  observations,  and  the  light- 
scale,  are  given  in  the  folli)wing  table. 


Mag. 

DM. 

Y 

Lislu 

b  = 

DM.  26°42 

8.1 

8.10 

32.5 

H     ^ 

40 

7.5 

8.18 

31.7 

d  = 

37 

8.8 

8.38 

27.G 

'/  = 

27°47 

8.5 

8.26 

311.9 

f  ^ 

2(J°52 

9.2 

9.20 

21.1 

«•  = 

47 

9.1 

9.07 

22.4 

h  = 

46 

9.4 

9.60 

16.8 

f  = 

25'40 

9.5 

10.20 

10.0 

The  average  value  of  the  step  is  0".09. 

The  following  table  contains  the  dates  of  oljservation,  tlie 
readings  from  the  observed  curve  as  described,  my  own 
observed  magnitudes,  the  H.C.O.  photographic  measures, 
and  the  observed  magnitudes  of  Messrs.  J.  A.  Parkhurst 
and  Arnold.  The  weights  are  simplified  from  my  own 
observing  scale,  and  are  assigned  to  the  last  two  series  of 
observations  on  the  same  rules  as  to  my  own,  Mr.  Arxold's 
being  given  half-weight  only  as  being  a  less  experienced  ob- 
server. I  have  not  attempted  to  assign  weights  to  the 
Harvard  measures. 

The  headings  of  the  columns  are  as  follows;  F contains 
my  own  observations ;  P  the  H.C.C).  pliotographic  measures, 
to  which  has  been  applied  the  correction  —  0'".6,  as  men- 
tioned below ;  Pti  those  of  Mr.  J.  A.  Parkhurst,  and^4 those 
of  Mr.  Arnold. 

The  second  place  of  decimals  in  the  magnitudes  and  resid- 
uals is  not  significant,  and  has  been  retained  for  the  sole 
object  of  securing  an  unbiased  estimate  of  the  mean  and 
probable  errors. 


C 

r 

P 

Pa 

.4 

C 

r 

P 

Pa 

A 

ISM 

m 

m          w            (1 

III 

111            \v 

111                   w 

ls'.l4 

m 

m 

w         a 

111 

111                 w 

Oct.  18 

10.62 

10.58   >    -0.04 

10.5 

_       — 

-       _ 

Xov.  6 

9.6 

19 

_ 

10.58  i   +0.03 

10.4 

_       — 

_       _ 

( 

9.31 

_ 

_       _ 

_        _ 

20 

_ 

_      —       _ 

10,2 

_       — 

_       _ 

12 

9.02 

_ 

_        _ 

_ 

23 

10.27 

—      -       _ 

— 

—      — 

-      _ 

15 

_ 
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The  weighted  mean  of  the  departures  from  the  plotted 
curve,  as  showni  by  the  residuals  in  the  column  d  is  0".089; 
the  probable  error  of  a  single  observation  of  weight  unity 
is  ±0>'.083. 

The  entirely  normal  character  of  the  observed  light-curve 
is  apparent  upon  inspection  of  Fig.  1  of  the  accompanying 
plate,  where  all  these  observations  are  plotted,  and  is  con- 
firmed in  detail  by  the  figure  of  the  same  curve  published 
by  J.  A.  Parkhukst  in  Pojiular  Astronomy,  Vol.  II,  p.  317, 
and  as  to  general  character  by  the  observations  of  H.  M. 
Pakkhukst,  already  referred  to. 

Prof.PiCKEKixr.'s  \ia,T^v  u\t\\e  Astrophyskal  Journal  con- 
tains, including  his  strictures  on  my  o\v\\  results,  certain 
fallacies,  unsuiiported  assertions  and  unfounded  assiuup- 
tions,  which  in  justice  to  myself  cannot  be  passed  by  with  a 
general  notice,  and  I  shall  comment  in  detail  on  those  refer- 
ring to  the  light-curve. 

On  page  306  the  statement  is  made  that  "while  these 
photographs  fail  to  show  whether  the  light-curve  is  pointed 
or  rovmded  at  the  exact  time  of  maximum,  they  indicate 
that  the  curvature,  if  any,  is  inappreciable  except  within  a 
few  days  of  the  maximiun."  This  impression  is  in  part  due 
to  the  short  scale  of  the  time-coordinate  in  Prof.  Pickering's 
graphic  presentation  of  the  observations  in  the  plate  accom- 
jianying  his  article. 

This  tends  to  mask  the  general  form  of  curve  indicated 


by  the  points  as  plotted,  and  also  gives  an  appearance  of 
accordance  which  is  liable  to  misleatl  the  uncritical  eye.  and 
which  at  once  disapjiears  when  the  relative  length  of  the 
abscissas  is  increased. 

On  plotting  the  same  observations  on  the  same  scale  as 
my  ovn\,  as  showni  in  Fig.  1,  and  drawing  a  free  curve  to 
satisfy  these  values,  I  found  it  to  resemble  my  own  observed 
curve  quite  closely ;  and  upon  plotting  them  with  my  own 
in  Fig.  1,  allowing  a  constant  correction  of  — 0".()  (the  mean 
difference  between  the  photographic  and  my  visual  observa- 
tions falling  on  the  same  dates),  they  with  a  single  exception 
fall  on  or  near  the  curve,  so  that  the  same  ten  observations 
which  by  Prof.  Pickekixg's  table  of  residuals  show  a  prob- 
able error  of  ±0*'.155  give  by  comparison  with  the  curve  in 
Fig.  1,  ±0".162.  If  we  omit  the  observation  of  1S'.)4  Dec. 
20,  which  is  discordant  by  both  curves,  the  i)robalile  error 
is  respectively  ±0".149  and  ±0".124,  so  that  on  the  whole, 
the  photographic  observations  are  rather  better  rejn'esented 
by  the  visuallj"  observed  curve  tliiin  by  the  law  assumed  b^' 
Prof.  Pickering. 

The  date  of  maximum  deiluceil  in  this  manner  from  the 
photographic  measures  is  1S94  Dec.  7.  To  ensure  a  determi- 
nation which  should  be  free  from  any  suspicion  or  jjossibility 
of  bias,  I  plotted  the  same  points  on  a  blank  piece  of  cross- 
section  paper,  and  sent  it  without  explanation  of  any  tort 
to  Mr.  J.  A.  Parkhuest,  requesting  liim  to  draw  a  curve 
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to  siitisfv  the  points,  and  (It'ti'niiini' a  niaxiiimin  in  the  nsual 
way,  by  drawing  a  dianiettT  to  tlii'  curve.  JMr.  Paekhukst's 
date  ot  niiixinuuu  obtained  in  this  way  is  Dee.  8. 

In  view  of  tlie  above  faets,  I  IVel  justitied  in  iviterating 
the  assertion  (juoted  by  I'rof.  ra'KEUiN(i  from  my  former 
pajier,  tliat  tlie  form  of  curve  as.sumed  by  liim  as  represent- 
ing;' the  star's  vari.ation  is  not  only  inherently  improbable, 
but  has  been  proved  by  observation  to  Ije  ineorreet,  depart- 
ing widely  from  that  observed,  l)y  tw-o  different  methods  of 
observation,  by  three  eomi^etent  observers. 

On  page  .i()7  the  statement  is  made  that  "the  linear  form 
is  strikingly  exemplified  by  'Suva  (T)  Aurif/ne  and  other 
variables."  The  selection  of  T^l«)vV/((t',  by  Prof.  Pickee- 
ix(;,  as  eoniirmatory  of  his  assumed  law,  is  unfortunate,  for 
that  star,  in  the  first  place,  is  distinetly  of  the  class  "  nova," 
and  its  light-curve  has  all  the  irregularities  characteristic  of 
that  class,  as  will  be  seen  by  a  reference  to  Fig.  2  of  the 
plate,  which  is  a  eopy  of  Lindemann's  definitive  curve,  as 
given  Ijy  him  in  his  monograph  '•  I>ir  Llditcurve  des  neiien 
Sterns  con  IS'.tL'  (T  Jurli/df),"  in  the  Bulletin  of  the  Imperial 
Academy  of  Sciences  of  St.  Petersburg,  Vol.  YII. 

This  curve  shows  no  point  of  resemblance  to  that  of  Prof. 
Pi('kp:ring  now  under  consideration,  excepting  its  rapid 
linear  dechne.  The  entire  dissimilarity  of  the  general  char- 
acters of  the  two  curves  will  lie  at  once  evident  upion  com- 
parison of  the  two  figures. 

T Androinedae,  on  the  other  hand,  is  as  distinctly  a  star 
of  the  ordinary  long-period  type,  of  very  regular  variation, 
whose  observed  light-curve  at  the  last  maximum,  resting  as 
above  remarked  on  the  testimony  of  at  least  three  competent 
observers,  was  entirely  normal  and  regular ;  and  I  fail  to 
find,  among  all  the  many  variable  stars  the  characteristics 
of  whose  changes  are  known  to  me,  a  single  one  whose  be- 
havior in  any  respect  conforms  to  any  law  at  all  resembling 
that  assumed  by  Prof.  Pickering  in  the  present  instance. 

Further  on  the  remark  is  made  :  ••  It  may  be  noted,  how- 
ever, that  unless  he  measured  the  variable  photometrically, 
or  used  magnitudes  photometrically  determined  for  his 
comparison-stars,  it  would  be  impossible  for  him  to  tell 
wliether  the  light-curve  was  linear  or  not,"  etc. 

Tliis  is  a  bare  assertion,  unsupported  by  any  pretence  of 
jiroof,  and  strikes  the  writer  as  sweeping  and  unwarranted, 
brushing  aside  as  it  does  by  implication,  as  of  no  value,  the 
whole  fabric  of  the  scale  of  star-magnitudes  reared  by  the 
labor  of  all  the  observers,  to  whose  work  we  owe  at  least 
ninety-nine  one-hundredths  of  our  knowledge  on  the  sub- 
ject. And  it  appears  the  more  singular  wdien  the  cir- 
cumstances are  taken  into  account,  that  in  my  series  of 
observations,  which  is  the  one  to  which  especial  reference 
is  had  in  the  sentence  quoted,  the  magnitude-estimates  of 
the  comparison-stars  were  made  with  great  care,  and  with 
all  the  precautions  suggested  by  the  exjierience  of  eight 
years  in  this  ])articular  class  of  work  :  that  the  step-value 


shown  by  the  process  of  comparison  is  a  very  normal  one 
(0". !»;));  and  that  the  ])robable  error  of  a  single  observation; 
of  full  weight  as  compared  with  the  light-curve  most  care- 
fully and  dclibciatcly  di'awn  from  the  whole  series  of  thirty- 
eight  observations  is  ±0".0S,  a  value  which  compares 
favorably  with  those  of  the  corresponding  probable  errors 
in  the  two  Harvard  Photometric  Catalogues,  ±0".].')  and 
±0>'.20  (see  Potsdam  Results,  Vol. IX,  p.  491). 

So  far  as  Prof.  Pickeking  is  concerned,  perhaps  the  best 
reply  to  the  above-quoted  assertion  consists  in  calling  atten- 
tion to  the  circumstance  that  the  magnitudes,  so  arrived  at, 
corresjjond  with  remarkable  closeness  to  the  Harvard  meas- 
ures o;f  magnitude  during  the  same  maximum,  wlien  the 
constant  correction  for  the  difference  between  the  visual 
and  photographic  magnitudes  is  taken  into  account. 

The  reference  to  Newton's  law  of  cooling  seems  rather 
gratuitous.  That  an  incandescent  mass,  so  large  as  to  be 
visible  to  us  at  stellar  distances  should  lose  its  light  so 
rapidly  from  simple  coohng  as  to  become  invisible,  and  then 
from  some  unknown  cause  be  again  heated  to  its  former  in- 
candescence, and  this  not  once  only,  but  repeatedly  and 
regularly  at  intervals  of  about  nine  months,  is  too  severe  a 
draft  upon  our  conceptions  of  physical  possibilities  to  be 
entertained. 

We  know  nothing  at  all  as  to  the  causes  of  the  variation 
of  this  class  of  stars  ;  but  we  do  know  that,  out  of  the  many 
stars  whose  changes  have  been  watched,  there  is  up  to  the 
present  time  none  whose  behavior  suggests  any  such  law  of 
variation  as  the  one  put  forward  by  Prof.  Pickering  in  the 
present  case. 

There  appears  to  be  an  impression  existing  among  those 
not  thoroughly  conversant  with  the  subject,  that  the  old 
methods  of  determination  of  star-magnitudes,  as  compared 
with  the  modern  photographic  and  photometric  methods, 
are  crude  and  inaccurate  to  a  degree.  This  impression  has 
been  studiously  fostered  by  such  publications  as  the  two 
articles  on  the  photographic  observations  of  T  An  drome  dae 
which  constitute  the  ruison  d'etre  of  the  present  paper,  and 
has  gained  considerable  ground  among  those  not  actively 
interested  in  this  class  of  work. 

The  impression  is  an  entirely  mistaken  one.  No  form  of 
photometer,  except  the  wedge,  has  yet  been  devised  which 
does  not  finally  depend  on  the  estimation  by  the  human  eye 
of  the  equality  between  two  images.  All  who  have  tried 
such  instruments,  or  who  have  had  exiierience  in  direct 
comparisons  of  nearly  equal  stars,  know  the  difficulty  of 
pronouncing  upon  this  point,  wliich  is  far  greater  than  that 
of  estimating  the  value  of  small  differences ;  and  to  this 
difficulty  is  due  the  greater  part  of  the  observational  error 
in  both  methods. 

The  wedge-photometer  has  also  its  peculiar  sources  of 
error,  and  in  point  of  general  accuracy  does  not  aijpear  to 
surjiass  the  various  forms  of  two-image  photometers. 
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With  regard  to  the  photograph ii-  method,  for  which 
especial  precision  has  been  claimed.  — while  it  pos.sesses  an 
undoubted  and  incontestable  advantage  in  the  matter  of 
the  permanency  of  the  record,  its  advantage  appears  to 
stop  there.  Those  who  know  the  numerous  cr.uses  which 
must  continually  affect  the  uniformity  of  the  star-images 
on  the  plate,  and  who  are  familiar  with  the  microscopic 
cliaracteristics  of  photograjiliic  images,  find  it  exceedingly 
difficult  to  credit  the  claim  that  the  impressions  of  stars, 
so  faint  as  the  eleventh  magnitude  and  less,  can  be  measured 
with  a  certainty  sufficient  for  the  attainment  of  such  jue- 
cision  as  is  claimed  for  these  measurements. 

Upon  examination,  the  estimates  of  stellar  brightness  by 
the  Argelaxdeu  method,  when  made  by  a  i)ractised  eye. 
appear  quite  to  hold  their  own  in  the  matter  of  accuracy, 
if  they  do  not  surpass  the  other  methods. 

While  preparing  that  part  of  tliis  article  which  deals  with 
the  errors  of  observation,  I  was  led  to  make  estimates,  in 
the  same  manner  as  in  the  case  of  T  Andromeda e,  of  the 
p:-obable  errors  of  some  of  the  .series  of  telescopic  observa- 
tions of  long-period  variables  made  by  myself  in  1893  and 
1894. 

The  curves  plottcil  for  the  original  reductions  were  used 
for  the  purpose,  and  the  results  are  so  interesting  that  it 
seems  not  out  of  place  to  give  them  here  as  collateral  testi- 
mony of  tlie  value  of  the  Akcelaxdki!  method. 

The  results  are  as  follows:  the  steiwalues  in  the  column 
"step"  are  deduced  from  the  light-scale,  and  tlic  values  in 
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l.soo  T'  Orlonts, 
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7.")<'«o  li  Vulpecxdae, 

It  will  be  seen  on  examining  this  list  that  the  accuracy 
of  my  T  Androinrdne  series  is  by  no  means  excepti(Muil,  and 
that  when  compared  with  the  Harvard  photographic  obser- 
vations, the  eye-observations  lose  nothing  by  the  comparison. 
Thus,  for  photometric  measures,  we  have  the  Harvard  Plioto- 
metry  and  the  I'hotoiiietric  revision  of  the  Durr/ntni.sfiruiir/, 
with  the  respective  probable  errors  of  ±0".lo  and  ±0".20 
(see  Vol.  IX  of  the  Potsdam  Publications,  (luoted  above) 
and  the  Potsdam  Pliotometric  Durchmusteruug,  with 
±0«.075. 

If  further  evidence  be  needed  of  the  sufficiency  of  the 
Arcjelaxdek  method,  the  discovery  by  Cuaxui.ek,  of  the 
short-period  varialile  YAquilai',  with  a  range  of  only  0".4, 
and  its  coniirmation  by  myself,  during  the  summer  of  1894 
may  be  cited  as  showing  the  power  of  the  trained  eye  to 
distinguish  small  changes  of  light. 
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Incentaire  General  et  Sommaire  des  Manuscrits  de  hi  Bibliotheque 
lie  V Observatoire  de  Paris,  par  M.  O.  BlcoriiDAX. 

This  publication,  containing  sixty  pages,  forms  a  part  of  volume 
XXI  of  the  Memoirs  of  the  Paris  Observatory.  It  comiirises  a  full 
catalogue  of  the  manuscripts,  with  exact  reference,  for  each,  to  the 
place  in  which  it  is  deposited. 

The  records  of  observations  of  the  Cassixis  and  M  ARAi.nis  formed 
the  nucleus  of  the  collection:  to  these  was  sub.sequently  added  the 
extensive  collection  of  J.  N.  Dei.isi.e,  which  contained  copies  of  the 
obser\ations  of  Tvcno  Bkaue,  PiCAHi>.  LaIIiue,  IIf.vf.i.us. 
GoTTFiaED  KiKtn,  and  others,  as  well  as  some  of  the  originals: 
also  important  Chinese  manuscripts  upon  astronomical  and  chrono- 


logical subjects.  Later  yet,  there  were  iucorporatc-il  manuscripts 
from  LemoxxieI!  and  others,  copies  of  theobservaliou.s  of  Lac.ville, 
D"Agei.et  and  others,  and  the  original  ones  of  the  IltHtoire  Cfleste. 

Upon  the  historical  value  of  these  manuscripts  there  is  no  occasion 
to  comment,  nor  indeed  is  this  the  place.  It  sultices  to  mention,  by 
way  of  illustration,  that  there  are  fifteen  folio  volumes  of  the  corre- 
spondence of  Hevelus,  the  letters  received  and  the  answers  being 
autograph  ;  likewise  four  folio  volumes  of  his  observations,  written 
by  his  own  hand,  and  extending  from  1(!.57  to  1079. 

In  preparing  this  valuable  inveiUory,  Mr.  BKioruoAX  has  much 
facilitated  an  important  part  of  the  labor  of  the  historian  of  as- 
tronomv. 


CONTEXTS. 
Obsekvatioss  of  Smam,  Pi.axets,  uv  Prof.  Edoah  Fkisbv. 
Maxima  axd  Minima  of  V.\uiable  .Stars  OnsEitvEn  ix  1894-1895,  bv  G.  Grc: 
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J^riCKOMETEICAL  MEASURES  OF  DOUBLE  STAKS,  MADE  WITH  THE   26-mCH 

EEFRACTOK  OF  THE  LEANDER  McCORMICK  OBSERVATORY  OF  THE 

UNIVERSITY   OF   VIRGINIA,   FROM   1895   APRIL    10   TO   MAY   5, 

Bv  T.  J.  J.  SEE. 
While  speiitling-  a  short   vacation  at   the  University  of 


Virginia,  on  leave  of  absence  from  the  University  of  Chicago, 
I  expressed  to  Professor  Stone,  Director  of  the  Leander 
I\[cCormick  Observatory,  my  desire  to  secure  a  few  meas- 
ures of  certain  double  stars  whose  orbits  I  am  investigating. 
He  very  kindly  placed  the  great  refractor  at  my  disposal 
during  those  hours  of  the  night  when  he  was  not  occupied 
with  observations  of  the  satellites  of  Saturn,  and  as  a  re- 
sult of  my  efforts  I  have  obtained  the  following  micrometrical 
measures. 

The  observations  were  intentionally  confined  to  a  small 
list  of  well  known  stars,  and  as  most  of  these  are  close  and 
difficult  objects,  and  the  weather  was  rainy  and  changeable 
during  a  large  part  of  the  time,  the  number  of  measures  is 
not  so  great  as  might  have  been  secured,  had  I  given  my 
attention  to  a  larger  list  including  easier  objects.  Thus, 
although  only  a  small  number  of  stars  were  measured,  every 
precaution  was  taken  to  secure  accurate  results,  and  I  have 
reason  to  hope  that  these  observations  will  be  valuable  in 
imi)roviug  the  elements  of  orbits  which  are  now  under 
revision. 

Most  of  the  observations  were  made  with  a  jjower  of  500  ; 
but  a  few  of  the  closest  objects  required  powers  of  860  and 
1300.  The  position-angle  is  usually  the  mean  of  four  set- 
tings, and  the  distance  that  of  three  or  four  double-distances. 
In  the  last  column  are  given  the  estimated  distances,  and  a 
few  remarks  relative  to  the  seeing.  The  approximate  places 
of  the  stars  are  referred  to  the  equator  and  mean  equinox 
of  1900.0.  My  thanks  are  due  to  Professor  Stone  for  the 
use  of  the  great  telescope,  and  for  courtesies  extended  dur- 
ing my  stay  in  Charlottesville. 

1]  Cassiojjeae  =  -60. 


a   = 

Oh  43'". 

8  =  +5~°  18'. 

t 

^„ 

Po 

Remarks 

1895.277 

203.5 

4.94 

near  the  horizon 

1895.294 

203.7 

4.80 

1895.310 

202.9 

4.77 

seeing  excellent 

1895.294 

203.4 

4.84 

t 

1895.294 
1895.296 
1895.302 


1895.310 
1895.339 
1895.340 


1895.330 


287^3 
282.4 
281.6 


.  9  Arjua 

■I.    47m_ 

o'!56 
0.55 
0.62 


=  (3 101. 
S  =  — ly'  .32'. 

Keraark.s 

est.  p  =  0".4  ± 
est.  p  =  0".5± 
good  seeing 


1895.297 

283.8 

0.58 

L,  C'anrri 

=  2-1196. 

a   : 

=  S'l  6'". 

8  =  18°  0'. 

1895.277 
1895.280 
1895.288 
1895.294 

o 

22.8 
22.3 
23.2 
23.1 

A    AND    B 

// 

1.16 

1.1  ±        hazy  ;  bad  seeing 

1.25         hazy 

1.01          good  seeing 

1895.285 

22.8 

1.13 

AB 

—K-    AND   C 

1895.277 
1895.280 
1895.288 
1895.294 

0 

121.5 
119.0 
121.1 
119.6 

n 

5.53 
5.12 
5.46 

5.28 

hazy 
hazy 

good  seeing 

1895.285 

120.3 

5.35 

^•3 

121. 

a  = 

9''  11"'. 

8  =  -1-2!)'  0'- 

1895.305 
1895.310 

12.0 
13.2 

0.56 
0.56 

est.  p  =  0".5  ± 
est.  p  =  0".55± 

1895.307 

12.6 

0.56 

DO  Leonls 

=  2' 1356. 

a   = 

9''  23'". 

8  =  -1-9°  30'. 

1895.274 

1895.277 
1895.283 

106.2 
105.3 
106.0 

0.90 
0.90 
0.77 

good  seeing 
est.  p  =  0".8  ± 
est.  p  =  0".85  ± 

1895.278         105.8 


0.86 


r  Ursae  Majoris  =  21523. 
=  111'  13'".         8  =  -1-32°  7'. 


175.5 
176.2 

178.2 


1.94 
2.03 
1.89 


good  seeing 
good  seeing 
images  good 


176.6 


1.95 
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t 

V 

12' 

irginis 

37'". 
P.. 

=  21670. 
8  =  —0^^  53'. 
Hcmarks 

1895.274 
1895.277 
1895.283 
]895.::(t2 
1895.343 

330.4 
331.6 
331.1 
3.S1.3 
330.9 

5.66 
5.95 
5.71 
5.87 
5.82 

unsteady 
images  blazing 

seeing  excellen 
good  seeing 

1895.296 

331.1 

5.80 

Y.i2  Comae  Berenices  =  -1728. 
a  =  13"  5"'.         8  =  +18°  4'. 

o  » 

1895.277  single  with  powers  up  to  1300     unsteady 
1895.283  "l7.9         0.16         est. p  =  t>".15±  ;  elongated 

1895.296  1 1 .9         0. 1 1  est. p  =  0".  18  ±  ;  g.  seeing 

1895.299  11.9         0.15  ±     bad  seeing 


1895.293 

13.9 

0.14 

F.  25  Canum  I'eiui 

tirontm  =  2'1768. 

a  =  IS"  33"'. 

8  =  +36°  48'. 

1895.274 

136.5 

l.(»2 

1895.277 

135.5 

1.24 

est.  p  =  l".Hl± 

1895.283 

(141.4) 

1.09 

angle  reading  doubtful 

1895.296 

137.3 

0.91 

est.  p  =  l".l  ± 

1895.282 


1895.305 
1895.310 
1895.340 


136.4 


1.06 


02'  285. 

=  14''  42'".         8  =  +42°  49'. 

o  * 

0.35  ±     elongated 


146.7 

147.9         0.33 

147.4         0.22 


est.  p  =  0".35  ± 
separated ;  est.  p  =  0".38  ± 


1895.318 


1895.299 
1895.302 
1895.305 


147.3 


0.30 


J/  Coronae  Borealis  =  2'1937. 
a  =  15"  19"'.         8  =  +30°  3S'. 


286.0  0.43 

284.1  0.50 
285.0         0.43 


est.  p  =  0".5± 
est.  p  =  0".4± 
est.  p  =  0".55  ± 


1895.302         285.0         0.45 


pI'Bootl,'!  =  11938. 
a  =  1.^''  21'".       8  =  +37°  41'. 

1895.299  82.5         0.75         well  separated 

1895.302  82.4         0.85         images  good 

1895..34()  85.5         0.92         est.  p  =  0".85± 


1895.314 


1895.299 
1895.302 
1895.305 


83.5         0.84 

Y  Coronae  Borealis  =  2' 1967. 
a  =  \5^  39"".         8  =  +26°  37'. 


112.7 
116.8 
115.0 
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0.65 
0.73 


est.  p  =  0".75± 
est.  p  =  0".7 
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;Scorpi!  =  21998. 
lij'"  .59'".       8  =  — 11°  5'. 
""A  .\xn  B 

t 

e. 

P.. 

Itemarks 

1895.274 
1895.310 
1895.340 

209.9 
207.7 
213.3 

1.04 
1.02 
1.05 

est.  p  =  0".80± 
unsteady 
images  good 

1895.308 

210.3 

1.04 

AND  (' 
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1895.310 
1895.340 

0 
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63.3 
64.4 

7^42 
7.40 
7.39 

blurri'd 
unsteady, 
images  good 

1895.308 

63.0 

7.40 

1895.302 


114.8 


0.67 


1895.299 
1895.339 
1895.340 


1895.326 


1895.283 
1895.294 
1895.340 


1895.306 


1895.340 
1895.342 
1895.343 


1895.317 


1895.299 


1895.299 
1895.339 
1895.340 


1895.326 


1895.310 


blurred 


i;Hercu/!.'<  =  22084. 

a  =  10''  37"'.  8  =  +31°  47'. 

35°8         {.M\  est.  p  =  1".0± 

38.2         l.lo  images  good 

36.2         1.27  wfli  detin.'d. 


.36.7  1.18 

2-217.S. 
a  =  17''  25'".         8  =  —0°  .-)!)'. 


33(5.3  1.17 

338.4  1 .  19 

337.2         1.22 


est. 


=  1".05± 


est.  p  =  l".l  ± 
good  seeing 


1.19 


337.3 

p.'  Herndis  =  2  2220. 

a  =  17"  43"'.  8  =  +27°  47'. 

o  « 

41.2         0.86  excessively  faint ;  blue 

37.4         0.75  ±  clouds 

38.8         0.78  ±  clouds 


1895.342 

39.1 

0.80 

F. 

rO  Ophiuchi 

=  22272. 

a  ■= 

18"  0'".       8 

=  +2°  33'. 

1895.277 

298.1 

2.04 

daylight;  unsteady 

1895.339 

298.6 

2.34 

good  seeing 

1895.340 

299.2 

2.29 

images  good 

298.6  2.22 

Y.m  HercuUs  =  A.C.15. 
a  =  18"  .3'".         8  =  +30°  33'. 

307!o         o"84         est.  p  =  0.8  ± 

i  Sdffittarii. 
a.  =  18"  oC".        8  =  —.30°  2'. 

200.7  0.31  elong., blur.  est.  p  =  0".3± 
190.4         0.42         elong.,  est.  p  =  0".4  ± 
193.0         0.34         clear  elong.,  est.  p  =  0".33± 

194.7  o:36 

^  Delphi iii  =  p'151. 
a  =  20"  33'".         8  =  +14°  15'. 

351.8  0^49         est.  p  =  0".42.   good  seeing. 
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OBSERVATIONS  OF  MmOE  PLANETS, 

M.VDE    .\T   TIIK    WESLEYAN    rXIVKItSITY   OliSEKVATOIiV,    .MIDDLETO WX,    CONX.,    WITH    12-1X111    KErii.VOTOK, 

Bv  W.  S.   EICHELBEIIGER. 


1895  Greenwidi  M.T. 

SK 
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comp. 
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Ja         1           JS 

Planet's  apparent 
a              1             S 

logpA 
for  a      1     f or  S 

Fcl).  13     1.">"    (i"4S 

1 
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h       111       s 
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2 

10 

+  33.84 
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.  .  . 
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3 
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+  44.95 
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a 
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3 

ll         m       s 
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S                                                 Q           1              If 
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+  2.12          +13  58  33.5 
+  2.09          +12  51  25.3 

-5.9 
-5.8 
-8.1 

DM.  12°2156 

Schjellenq)  3693 
Schjellerup  3894 

MAXIMA   AND  MINIMA   OF 

By  J.  A.  P 

103.      T  Andromedae. 

I  liave  21  observations  between  1894  Nov.  15  and  1895 

IMarch  1.     The  star  rose  rajjidly  from  8". 3  to  a  maximum 

7 ".6,  1894  Dec.  3.     The  decline  was  less  rapid,  but  quite 

steady.     The  magnitude  at  the  last  observation  was  10.5. 

814.     S  Pri-sel. 
This  star  has  been  watched  since  1892  Nov.  18.     Since 
that  date  48  observations  yield  a  minimum   11  ".0,  1893 
April  25,  and  a  maximum  8". 6,  1894  May  1. 

906.      B  Tvmnrjidl 

When  first  observed,  1894  Nov.  20,  this  star  was  10".0. 
It  rose  very  rapidly  to  a  maximum  6". 6,  1895  Feb.  23, 
after  which  it  fell  more  slowly,  till  at  the  last  observation, 
March  27,  it  was  7". 4.  I  have  20  observations  between  the 
above  dates. 

1623.      T  Camelopdrdalis.. 

From  1894  Nov.  15  to  1895  March  2,  I  have  21  obser- 
vations. The  star  rose  steadily  from  8 ".4  to  a  maximum 
7".0,  1895  Jan.  8.  The  decline  was  a  little  more  rapid, 
with  some  fluctuations.     When  last  observed  it  was  8*'. 6. 

1805.  V  Orionis. 
I  began  this  season's  observations  1894  Nov.  26,  when 
the  star  was  9". 5.  It  fell  steadily  till  it  passed  below  the 
limit  of  my  6.2-inch  reflector,  being  last  seen  1895  Jan.  26, 
when  it  was  estimated  12". 8.  It  was  seen  as  a  glimpse-star 
by  Mr.  W.  Dearden.  at  Trinidad,  Colo.,  with  a  9-inch  re- 
flector, during  Febrjiary  and  ^larch,  being  more  easily  seen 


LONG-PERIOD   VARIABLES, 

AEKHUR.ST. 

than  2815  U  Geml/ioruiii  at  minimum.  After  it  began  to 
rise,  I  first  glimpsed  it  March  26,  and  found  it  12"  April 
11.  At  the  last  observation,  April  18,  it  was  10". 5  or  11". 
A  minimum  <13"  is  suggested  for  March  1  ±10''. 

2100.      U  Orionis. 
I  have  17  observations,  between  1894  Nov.  26  and  1805 
April  3,  yielding  a  maximum  6".0  1895  Feb.  22.     At  the 
first  observation  the  magnitude  was  11". 6;  at  the  last  it 
was  7".0. 

2815.      U  Gfiiiinori/m. 
On  1895  March  4  this  star  was  invisible,  my  limit  being 
<12".     The  ensuing  observations  are  as  follows,  the  time 
beins  Greenwich  mean. 


1895  Mar.    7.54 

9.6 

1895 

Mar 

13.58 

9.4 

8.54 

9.5 

16.58 

10.3 

9.56 

9.2 

17.58 

10.9 

10.63 

9.6 

18.58 

11.9 

11..54 

9.2 

The  bright  moonlight  up  to  March  11  made  the  estimates 
somewhat  discordant,  but  the  resulting  maximum  March 
11''.2  is  probably  near  the  truth. 

7085.     ET  Cijgni. 
This  star    rose    rapidly  from  10". 1,  1894  Nov.  15,  to  a 
maximum  7".0,  Dec.  21,  tlien  fell  more  slowlj'  to  8". 8, 1895 
Feb.  1,  the  time  of  the  last  observation.     I  have  17  obser- 
vations between  the  above  dates. 
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8324.      V  Cassiopeae. 

I  have  28  observations  of  this  st:ir  between  1894  Nov.  15 
and  1895  April  17.  It  fell  from  11". 3  at  the  first  obser- 
vation to  a  minimum  12".3, 1894  Nov.  24,  then  rose  steadily 
and  rapidly  to  a  ma.ximum  8".0,  1895  March  5,  then  fell  to 

Mui-euijo,  III.,  1895  Ajn-il  1'9.  


9". 2  at  the  last  observation.  I  have  observed  two  maxima 
and  two  minima  of  this  star.  Tlie  ])eriod  derived  from  tlie 
minima  is  IMS'',  from  the  maxima  223'';  the  interval  M—m 
beins  llC'  and  101''. 


OBSEKVATIONS  OF  NOVA  (5533 i^)  NORMAE, 

By  W.  W.  CAMPBELL. 


The  new  star  announced  by  the  Harvard  Colle^'e  Observa- 
tory, in  the  constellation  Norma,  has  now  become  very  faint. 
Its  altitude  when  on  the  meridian  of  Mt.  Hamilton,  is 
only  '2\  degrees.  It  is  near  the  limit  of  vision  in  the  36- 
inch  telescope,  owing  to  the  strong  atmospheric  absorption, 
and  to  the  constant  unsteadiness  of  the  image.  I  have, 
therefore,  brought  together  my  observations  of  the  magni- 
tude of  the  Nora. 

1894  Feb.  13.     The  quantity  of  light  in  the  new  star  is  esti- 
mated to  be  \  or  X  that  of  the  8"  star,  Arg.  Gen.  Catal.  20940. 
Feb.  28     The  new  .star  equals  I  of  no.  20940 

Mar.  2  '•  "  "  "  J  "  "  " 

Mar.  6  "  "  "  '•'  i  "  "  " 

Apr.  5  "  "  "  "  ,V  "  "  " 

May  2  "  '■  "  "  i  "  "  " 

May  8  "  •'  '•  ••  i  "  "  « 

and  J  of  the  8^"  star,  Arg.  Gen.  Catal.  20926. 


1895  Feb.  26.  The  quantity  of  light  in  tlie  Nora  is  from 
z-6  to  liir  tliat  of  Arg.  (xcn.  ("atal.  20910. 

May  23.  The  Nova  is  nearly  on  tlir  limit  of  vision,  see- 
ing fair;  its  light  estimated  roughly  as  ,J|„  tliat  of  no. 
20940. 

From  the  foregoing  observations  we  have  the  following 
magnitudes  of  the  Nova : 


1894  Feb. 

13 

9.6 

1894  May    2 

loj 

Feb. 

28 

9.8 

May    8 

lOi 

Mar. 

•) 

9.8 

1895  Feb.  26 

12^ 

.Mar. 

Ci 

10 

^lay  23 

13 

Apr. 

5 

1(1 

} 

The  star's  spectrum  could  not  be  seen  on  the  two  dates 
in  1895.  It  may  be  nebular  as  in  1894,  or  it  may  be  con- 
tinuous. 


OBSEKVATIONS   OF  J^OVA  (7787  Q)  CYGNI, 

By  \V.   \V.  CAMPBELL. 


A  few  observations  of  the  new  star  of  1876  have  been 
secured. 

1894  April  5.  The  star  is  midway  in  brightness  between 
Dr.  Copelaxd's  comparison-stars,  no.  50,  mag.  15,  and  no. 
51,  mag.  14.3.     The  Nora  is  therefore  about  14". 7. 

1894  May  8.     The  Nova  is  slightly  fainter  than  Dr.  Cope- 


l.^xd's  comparison-star,  no.  49,  mag.  14.7,  ami  brighter  than 
no.  50,  mag.  15.     It  is  therefore  about  14". 8. 

1895  May  23.  The  magnitude  remain,s  unchanged  at 
about  14.8.  The  Nora'.':  spectrum,  viewed  through  a  direct- 
vision  Browning  spectroscope,  appears  to  be  continuous. 


OBSERVATIONS   OF   SOUTHERN  VARIABLE   STARS, 

Bv  ALEXANDEI!    WILLIAM   ROBERTS. 


Southern    Loufj-Period    Varlalil <'.■<. 

The  following  Ust  contains  those  Harvard  stars  that  have 
been  watched  here  through  their  extreme  limits. 

Several  of  the  other  long-period  variables,  announced  by 
Prof.  PiCKERixG,  indicate  variation,  but  in  their  cases  it  has 
been  thought  better  to  wait  until  at  least  one  maximum  and 
one  minimum  phase  have  been  observed,  before  announcing 
conftrmation. 


Star 

H.A.  (1900) 

Decl. 

Limits 

M                           M 

*a) 

—  Sruljjtori.t 

0  10.4 

-32  36 

6.5  -  <  9.5 

<2) 

—   Horolofjii 

2  49.5 

—50  10 

5.8  -     10.0 

*(3) 

—    Caeli 

4  .37.1 

-.38  26 

7.5  -     10.0 

(4) 

—    Centauri 

13  .Sfi.O 

-.33     6 

6.5  -  <10.0 

(5) 

—    Scorpii 

16  .50.3 

-.30  26 

6.8  -       9.3 

*(6) 

—  Favonis 

18     3.3 

-63  38 

7.5  -       9.8 

'  No3.  (1),  (.?),  (6)  are  S  Sculptoris,  R  Caeli,  R  PavoniK,  respectively. 


No.  2  is  distinctly  visible  to  the  naked  eye  at  maximum, 
and  as  two  maxima  and  one  minimum  have  been  observed 
here,  its  variation  is  certain.    [Ch.  1018,  B  Horologii.  —  Ed.] 

No.  4  is  the  star  recently  annfninced  as  a  new  variable  by 
Lieut.  Col.  Makkwick.  T  may  be  allowed  to  state,  without 
raising  in  any  way  the  question  of  the  discovery  of  the  star, 
that  five  months  before  Prof.  Pickeking's  notice  in  no.  3269 
of  the  Astr.  Nuchr.,  Col.  Makkwick  wrote  me  as  to  its 
variation,  and  asked  me  to  confirm  his  conclusions  as  early  as 
possible.  I  was  able  to  secure  only  three  or  four  nieasures, 
when  I  was  obliged  to  give  up  observing  for  nearly  a  couiile 
of  months.  By  the  time  I  was  weU  enough  to  resume  regular 
observations,  the  star  was  too  low  down.  Its  period  is  not 
far  from  that  found  by  Col.  Makkwick.  [Ch.  4896,  T  Cen- 
tauri. —  Ed.] 
See  A..T.  no.  .347.  —  En. 
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No.  5  lias  already  been  coutu'ineil  by  Yendell.  Its 
maximuin  limits  are  certainly  liiglicr  than  that  given  in 
('ii.\Ni)i. Kit's  catalogue  (7". 3  to  7".7>  ;  fur  at  its  last  maxi- 
mum phase,  I  was  able,  but  that  was  all,  to  see  it.  Now 
()*'.8  to  7".0  is  my  limit  tor  uiiaiilcil  \isiiin.  [('h.(;(){)2, 
Rli  Scorpii.  —  Ed.] 


]'i(ri(ition  of  Lfir.  7646,  [f'A.  6546  RS  Stifilttai-li.'] 
Lac.  7646,  Chandler  No.  (()546),  is  an  ^-//r/f*/- variable  with 
a  jicriod  of  2  days,  9  hours,  59.1  minutes. 

It  was  suspected  of  variation  by  Dr.  Gould  in  1872; 
the  note  in  the  Unnwmcfria  Arfjcntlna  (p.  288),  reading  as 
follows  : 

'•  The  estimates  for  this  star  vary  from  6". 2  to  7". 4.  Com- 
l)arisous  were  made  by  Mr.  Davis  in  1871  from  August  21 
to  November  6 ;  and  in  1872  from  duly  25  to  September  8. 
The  result  of  these  comparisons  is  perplexing  in  the  ex- 
treme, nor  are  they  apparently  reconcilable,  except  ujion  the 
supposition  that  a  large  proportion  of  the  comparison-stars 

are  also  variable The  indications  are  that  the  star 

fulfils  its  period  in  about  58  hours,  the  minimum  preceding 
the  maximum  by  not  more  than  a  quarter  of  the  period. 
Yet  the  great  changes  in  the  relative  brightness  of  the  other 
.stars  render  it  uncertain  how  far  their  variation  may  have 
affected  this  inference,  deduced  from  sequences  alone." 


The  type  of  variation  was  suspected  here  last  year,  but 
a  sharj)  attack  of  influenza  prevented  my  obtaining  obser- 
vations at  all  points  of  its  period.  During  April  and  May 
this  year,  the  star  was  systematically  observed  and  measures 
secui'cd  all  along  the  light-curve. 

The  following  are  the  chief  features  and  elements  of  its 
variation,  which  consists  of  two  minimum  phases,  one  twice 
as  long  as  the  other,  and  more  decidedly  marked. 


Total  period. 

Duration  of  constant  period. 

Duration  of  chief  minimum  phase. 

Duration  of  secondary  niiuimnm  phase, 

Magnitude  at  constant  period, 

iMagnitnde  at  chief  niininium, 

Magnitude  at  secondary  minimvim, 

Epoch  of  chief  miu.  phase,    1895  May  25,     8'' 

Epoch  of  secondary  min. phase,  "     May  26,  13'' 


2"  9"  59"".  1 

39  hours 

12  hours 

7  hours 

6.60 

7.65 

7.00 

i'"  (G.M.T.) 


The  curve   is  symmetrical  on  each  side  of  the  two  mini- 
ma, an  expression  of  the  form 

(m  —  lV)   =   xt  +  yt-+  zt^ 

satisfying  the  observations  at  minima. 

I  purpose  dealing  with  this  later  on,  when  I  hope  to  ob- 
tain some  of  the  orbital  elements  from  the  observations. 


NEW   ELEMEN^TS  OF   THE   ORBIT   OF   :i'3121, 

Bv  T.   .J.   .J.   SEE. 


This  double  star  was  discovered  in  1831  by  William 
Stkuve,  who  rated  the  magnitudes  of  the  components  at 
7.5  and  7.8  respectively.  Observations  of  this  pair,  recently 
made  with  the  26-inch  refractor  of  the  Leander  McCormick 
Observatory  of  the  University  of  Virginia,  convince  the 
writer  that  the  brightness  of  the  components  has  been  over- 
estimated by  at  least  a  whole  magnitude.  The  star  is  close 
and  very  faint,  and  the  natural  difficulty  of  the  object  will 


doubtless  accoiuit  for  the  rather  large  discordances  in  some 
of  the  observations. 

As  -3121  has  been  observed  for  many  years,  and  the 
pair  has  a  rapid  orbital  motion,  several  orbits  have  been 
published  by  previous  investigators.  The  following  is  be- 
lieved to  be  a  compilete  list  of  the  elements  hitherto  pub- 
lished : 


p 

T 

e 

a 

U 

i 

X 

Authority 

Source 

yrs. 

39.18 
40.62 
37.03 
34.642 

1850.0 
1850.0 
1842.78 
1878.52 

0.3471 
0.3725 
0.26 
0.3086 

0.696 
0.715 
0.71 
0.6725 

19.94 
23.5 
16.0 
24.85 

52.4 
54.11 
74.25 
75.43 

143.3 
141.6 
149.5 
129.45 

Fritsche,  1866 
Fritsche,  1866 
Doberek,  1877 
Celoria,    1887 

Bulletin  del' Acad,  de  St.Petersbourg,t.X 

A.N.  2156 
A.N.  2808 

From 

an  investigation  of  all  the  obser\ 

•ations  I  find  the 

'oUowin 

g  elements : 

P 

^ 

34.00  years 

T 

= 

1878.30 

e 

= 

0.330 

(I 

^ 

0".6692 

9, 

= 

28°.25 

I 

= 

75°.00 

X 

= 

127°.52 

«   =  -t-10°.5883 


Aijparent  orbit : 


Length  of  major  axis 
Length  of  minor  axis 
Angle  of  uuijor  axis 
Angle  of  periastron 
Distance  of  star  from  center 


1".318 
0".349 
27°.4 
189°.6 
0".142 


The  following  is  a  comparison  of  the  computed  and  ob- 
served places : 
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COSIPITED    .VXD    ObsKKVKIi    rL.VCK.S. 


t 

00 

$c 

Po 

P. 

Oo — 6' 

Po— Pc 

n 

Obsen'crs 

1832.31 

20?0 

O 

22.3 

o's5 

0.79 

-,  2.3 

+o'.08 

3 

W.  Stnive 

1840.31 

66.5 

47.3 

0.40  ± 

0.35 

+  19.2 

+  0.05 

3-1 

0.  Sti'uve 

1844.28 

193.5 

189.8 

0.33 

0.29 

+  3.7 

+  0.04 

2-1 

0.  Struve 

1846.29 

207.6 

205.2 

0.55 

0.48 

+  2.4 

+  0.07 

1 

0.  Struve 

1847.34 

214.2 

210.1 

0.54 

0.52 

+   4.1 

+  0.02 

1 

0.  Struve 

1848.25 

213.0 

214.1 

0.53 

0.52 

-   1.1 

+  0.01 

1 

0.  Struve 

1849.32 

223.3 

218.8 

0.48 

0.50 

+  5.5 

-0.02 

1 

0.  Struve 

1850.30 

228.6 

223.9 

0.42 

0.45 

+  4.7 

-0.03 

1 

O.  Struve 

1851.26 

239.7 

230.1 

0.33 

0.39 

4-   9.6 

-0.06 

1 

0.  Struve 

1861.26 

8.9 

9.9 

0.67 

o.r.s 

-    1.0 

+  0.09 

1 

0.  Struve 

1863.11 

14.8 

14.6 

0.7 

0.66 

+  0.2 

+0.04 

1 

Denibowski 

1864.30 

13.0 

18.1 

0.71 

0.73 

-  5.1 

-0.02 

1 

0.  Struve 

1865.77 

26.8 

21.3 

0.80 

0.78 

+  5.5 

+  0.02 

2 

Engelmanu 

1867.«">5 

21.3 

24.8 

0.70 

0.79 

-  3.5 

-0.09 

5 

Denibowski 

1868.30 

27.6 

26.2 

0.81 

0.79 

+  1.4 

+  0.02 

2 

0.  Struve 

1869.31 

26.1 

28.2 

0.88 

0.76 

-  2.1 

+  0.12 

1 

0.  Struve 

1870.38 

28.6 

30.6 

0.57 

0.71 

-   2.0 

-0.14 

3 

Duner,  2  ;  Gl.,  1 

1S71.30 

31.8 

32.8 

0.65 

0.65 

-   1.0 

0.00 

11 

GL,  1;  Duner,  3;   01\2;  Denibowski,  5 

1872.20 

36.4 

35.6 

0.68 

0.58 

+  0.8 

+  0.10 

1-2 

Oi;  1  ;  Duner,  0-1 

1873.70 

34.3 

42.8 

0.5   ± 

0.42 

-  8.5 

+  0.08 

9-1 

Dembowski,  8-0;  Gl.,  1 

1874.28 

46.7 

46.7 

0.53 

0.36 

0.0 

+  0.17 

2 

0.  Struve 

1875.27 

63.0 

63.0 

0.25 

0.22 

0.0 

+  0.03 

8-5 

Dun.,  1  ;  0-.,l;  Scluaparelli,4  ;  Denibowski, 

2 

1878.21 

185.2 

188.4 

0.25 

0.28 

-  3.2 

—0.03 

1 

Burnhiun 

1879.57 

200.4 

200.2 

0.43 

0.41 

+   0.2 

+  0.02 

5 

Schiaiiarelli 

1880.28 

200.0 

205.1 

0.43 

0.48 

-   5.1 

-0.05 

4 

Hall,  3;  pM 

1881.34 

205.3 

210.1 

0.46 

0.52 

-  4.8 

-0.06 

2 

Scliia])arelli 

1882.28 

205.8 

214.1 

0.45 

0.52 

-   8.3 

-0.07 

4 

Scliiaparelli 

1883.27 

221.2 

218.3 

0.45 

0.50 

+  2.9 

-0.05 

6-12 

EnKchuann.  6;   Scliiapaivlli,  0-3;  Hall,  0-3 

1884.39 

222.7 

224.5 

0.38 

0.44 

-   1.8 

-0.06 

4 

Schiaparclli 

1885.30 

215^8 

230.5 

0.4   ± 

0.39 

-14.7 

+0.01 

3 

Schiaparelli 

1886.33 

221  2 

239.9 

0.27 

0.32 

-17.7 

-0.05 

4 

Engehnann 

1887.27 

250.4 

252.5 

0.22 

0.27 

-  2.1 

-0.05 

9 

Schiaparelli 

1888.27 

286.3 

272.6 

0.22  ± 

0.22 

+  13.7 

0.00 

7 

Schiaparelli 

1889.30 

312.3 

299.7 

0.23  ± 

0.21 

+  12.6 

+0.02 

7 

Schiaparelli 

1890.29 

332.9 

323.5 

0.27  ± 

0.24 

+   8.4 

+  0.03 

4 

Schiaparelli 

1891.29 

343.3 

340.8 

0.34 

0.30 

+  4.2 

+0.04 

6 

Hall,  4;  Sc]iiaparelli,2 

1892.26 

355.3 

354.0 

0.41  ± 

0.37 

+    1.3 

+  0.04 

7 

Scliia])a,relli 

1893.25 

2.3 

359.7 

0.47 

0.43 

+   2.6 

+  0.04 

7-2 

Schiaparelli 

1    1894.21 

4.6 

5.0 

0.47 

0.50 

-  0.4 

—0.03 

4 

Wilson,  1 ;  Comstock,  3 

1895.31 

12.6 

9.7 

0.55 

0.58 

+   2.9 

-0.03 

3 

See 

Some  of  the  observations  are  vitiated  by  sensible  system- 
atic errors,  so  that  occasionally  our  best  observers  differ 
by  as  much  as  12°;  and  in  succeeding  years  the  angles  are 
made  to  retrograde  where  tliey  ouglit  to  be  steadil}'  ad- 
vancing. Under  these  circumstances  the  residuals  may  be 
considered  small,  and  the  elements  verj-  satisfactory  for  so 
close  and  difficult  a  star.  In  following  this  star,  observers 
should  take  eveiy  precaution  against  systematic  error, 
since  the  orbit  is  highly  inclined,  and  a  small  error  in  angle 
greatly  affects  the  distance.  Good  observations  are  essential 
for  any  further  improvement  of  the  elements.  A  short 
ephemeris  is : 


t 

1896.30 

6c 

o 

13.5 

Pc 

o'.()4 

1897.30 

16.2 

o.oo 

1898.30 

18.5 

0.74 

1899.30 

20.7 

0.77 

1900.30 

22.7 

0.79 

Since  the  companion  is 
distance,  the  star  will  be 
years. 


now  approaching  its  maximum 
■elatively  easy  for  a  number  of 


The  University  of  Chicnrjo,  1895  June  1. 
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OBSERVATIONS   OF   ENCKE'S   COMET, 


MADE    AT 


SMITH    COI,I,EOE    OliSERVATOUY,    NOBTIIAMPTON,    MASS.,    WITH   THE    11-INCH    BEFIJACTon    AND    FILAU-MICROMETEIi, 

By  MARY   E.   BYRD. 


1804- 

-.5  Greenwich  JI.T. 

* 

Nc. 
Comp. 

#- 
Ja 

-* 

j8 

#"s  apparent 

8 

log 

for  a 

PA 

for  (5 

Dec 

20 

h       111       s 

13  26  44 

1 

11,5 

111         S 

-2  26.19 

-3  19.6 

ll         111         8 

22  16  36.23 

+4  28  23.3 

9.597 

0.755 

22 

13  ^4  35 

2 

12,7 

-4     0.39 

+  1  27.2 

22  16     9.36 

+  4  14  16.4 

9.602 

0.757 

27 

13     2  42 

3 

12,(3 

+  1  31.81 

+  1  13.6 

22  15     3.74 

+  3  38  15.9 

9.601 

0.759 

29 

12  45  21 

4 

8  ,  (> 

—3  34.63 

+3  55.7 

22  14  35.13 

+3  23  17.9 

9.593 

0.759 

31 

12  44     7 

5 

12,  G 

-1  40.54 

•  -2     8.3 

22  14     1.37 

+3     7     8.7 

9.599 

0.761 

Jan. 

1 

12  27   13 

6 

12  ,  8 

-1  30.40 

-1  15.2 

22  13  42.29 

+  2  58  50.5 

9.587 

0.760 

4 

12  32  29 

7 

12,  10 

+  0  55.99 

-0  12.6 

22  12  30.08 

+  2  30  34.6 

9.604 

0.764 

12 

12  27  28 

8 

8  ,  5 

-1  14.56 

+  1     9.1 

22     6     8.14 

+  0  41     6.6 

9.625 

0.771 

17 

11  52  12 

9 

8,7 

-3  44.25 

-1  22.4 

21  57  42.43 

-1  17     1.1 

9.621 

0.776 

19 

11  15  58 

10 

11  ,  6 

-0     6.69 

-2  13.5 

21  52  46.29 

—  2  22     2.3 

9.606 

0.765 

Mean 

Places  for  1894.0  and  1895.0 

of  Comparison- Stars. 

Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h        m       s 

22  19     0.3 

+  2^39 

0             /              // 

+4  31  27.1 

+  15.8 

Boss  A.G.  7761 

2 

22  20     7.37 

+  2.38 

+  4  12  33.5 

+  15.7 

Boss  A.G.  7767 

3 

22  13  29.60 

+  2.33 

+3  36  47.6 

+  14.7 

Boss  A.G.  7746 

4 

22  18     7.40 

+  2.36 

+3  19     7.4 

+  14.8 

Boss  A.G.  7760 

5 

22  15  39.58 

+  2.33 

+  3     9     2.7 

+  14.3 

Boss  A.G.  7752 

6 

22  15  13.41 

-0.72 

+  3     0     9.9 

-  3.9 

Boss  A.G.  7751 

7 

22  11  34.85 

-0.76 

+  2  30  51.7 

-  4.5 

Boss  A.G.  7743 

8 

22     7  23.47 

-0.77 

+  0  40     3.1 

-  5.6 

Schjellerup  9068,  9 

9 

22     1  27.47 

-0.79 

-1  15  32.0 

-   6.7 

Sehjellerup  9021,  2 

10 

21  52  53.79 

-0.81 

-2  19  41.5 

-   7.3 

Miuiicli  (1)  29941,  Muuich  (2) 

12147 

Comparison  with  Ephemekis  in  A.N.32Qo  (O  — C). 


Ja 


J8 


Ja 


JS 


1894  Dec.  20 

-1.27 

-5.3 

22 

+  0.12 

+  3.0 

27 

+0.93 

-5.1 

29 

+  1.62 

+  1.4 

31 

+  1.37 

-3.2 

1895  Jan 

1 

+  1.43 

+  3.8 

4 

+  1.34 

-   1.0 

12 

+  2.94 

+  30.7 

17 

+  4.73 

+  39.2 

19 

+4.94 

+30.9 

OBSERVATIONS   OF  XHYDRAE, 

By  II.  jr.  PAUL. 


My  observations  of  X Hydrae  (the  new  variable  an- 
nounced by  Mr.  Skinner  in  A.J.  XIV,  160,  and  confirmed 
by  Mr.  Parkhuest  in  A.J.  XV,  32)  include  31  nights  dur- 
ing the  interval  241.3154-3362  [1894  Xov.  21-95  June  17.] 

Plotting  them  gives  the  following : 

Min.  at  2413205  [1895  Jan.  11]       llls 

Max.  at  241 3350  -  60  [1895  June  5-15]    8.4 

The  minimum  is  fairly  accurate  both  as  to  time  and  mag- 
nitude, but  the  time  of  the  maximum  is  very  uncertain,  as 
the  star  varied  very  little  in  the  interval  1895  June  1-17 
[6  observations]  and  no  certain  falling  off  in  the  light  could 

Wash  hif/fr)?,,  1895  Jimc  21. 


be  determined.  All  these  last  6  observations  were  in  moon- 
light or  twilight  and  very  near  the  horizon,  and  the  magni- 
tude 8.4  is  ijrobably  one  or  two-tenths  too  bright,  on  ac- 
coiuit  of  the  redness  of  th?  star.  Even  supposing  it  so 
much  as  half  a  nuignitude  too  bright  from  this  cause,  the 
star  reached  a  Ijrightness  at  this  maximum  considerably 
exceeding  that  of  any  of  the  previous  observations  upon 
which  rested  my  approximate  elements,  published  in  the 
first  announcement  [A.J.  XIV,  160]. 

These  elements  would  indicate  a  date  of  maximum  a  few 
days  later  than  that  given  above,  but  there  are  not  sufficient 
data  for  changing  them  till  a  maximum  can  be  accurately 
determined  next  spring. 
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VAKIABLES   OF   THE 

Greenwich  Mean  Time, 
By    PAUL    S.    YENDELL. 


ALGOL-TYFE, 


August 

August 

1 

August 

1 

Z  Heiculis 

16 

14 

CAOphiuchi 

17 

-27 

C70phiuehi 

<> 

rc'vgni 

IS 

rCvgni 

18 

ft  Librae 

3 

C/Cephei 

13 

15 

Algol 

12 

Z  Hereulis 

U  (.'oiouae 

15 

r'<^l)lii>ielu 

13 

U  ( "oronae 

Z  Heii'ulis 

17 

Z  Hereulis 

17 

28 

C  Cephei 

f/Opliimlii 

1<.1 

16 

6'Opliiuelii 

10 

29 

Z  Hereulis 

4 

<f  Librae 

1 

17 

C^Corouae 

10 

yCygui 

C/Ojiliiuchi 

16 

Z  Hereulis 

15 

Algol 

5 

C/'Ophiuchi 

12 

I'Cj'gni 

18 

30 

L'Opliiuehi 

Z  HeiTulis 

16 

IS 

Algol 

9 

31 

C/Ophiuehi 

rCygni 

18 

U  Cephei 

12 

Z  Hereulis 

6 

S  Librae 

15 

19 

Z  Hereulis 

17 

September 

< 

Z  Hereulis 

17 

f^Ophiuehi 

18 

1 

rCygui 

8 

U  ( "epliei 

12 

20 

J7()l)liiuelii 

14 

f/Ophiuchi 

I'CyKiii 

18 

(S  Librae 

14 

Algol 

(/Opliiui'hi 

20 

3'Cygni 

IS 

o 

f7  Cephei 

9 

I'i  •pliiuelii 

k; 

f'Corouae 

21 

Z  Hereulis 

Z  Hereulis 

16 

21 

6'^Opliiuehi 

11 

3 

S  Librae 

Algol 

IS 

Z  Hereulis 

15 

U  Corouae 

10 

{70i)liiuchi 

12 

23 

l/"  Cephei 

11 

4 

Algol 

C/'Corouae 

13 

Z  Hereulis 

16 

C/Opliiuchi 

11 

(/Ophiuehi 

9 

rt'ygui 

17 

Z  Hereulis 

Z  Hereulis 

17 

24 

U  Coronae 

8 

3'Cygui 

FCvgui 

IS 

C/Oiiliiuchi 

IS 

5 

C70pliiuehi 

12 

Algol 

15 

25 

Z  Hereulis 

15 

6 

f/Oiihiuchi 

13 

6'Cepliei 

12 

rOiihiuelii 

lo 

Z  Hereulis 

S Librae 

14 

26 

C'Opliiuelii 

11 

4 

U  Cephei 

Z  Hereulis 

16 

rCygni 

17 

Algol 

Sep 

teinber 

Sep 

teuiber 

J 

1 

rCygui 

17 

20 

Z  Hereulis 

15 

14 

S 

Z  Hereulis 

16 

C/Ophiuchi 

15 

16 

9 

[/"Ophiuehi 

17 

21 

f/Ophiuehi 

n 

19 

10 

{;()l)hiuehi 

13 

).  Tauri 

14 

11 

fi  Librae 

13 

Algol 

19 

15 

(/Coronae 

14 

22 

(/Oliliiuchi 

7 

17 

Z  Hereulis 

14 

C7Cephei 

9 

20 

I'Cygui 

17 

Z  Hereulis 

14 

15 

11 

(/Ophiuehi 

9 

I'Cygui 

16 

12 

12 

[/' Cephei 

10 

24 

(/Corouae 

10 

16 

Z  Hereulis 

15 

6  Librae 

12 

13 

I'Cygui 

17 

Algol 

15 

17 

/.  Tauri 

17 

Z  Hereulis 

15 

8 

14 

Z  Hereulis 

14 

C^Cephei 

21 

17 

(7  Cephei 

22 

25 

J.  Tauri 

13 

11 

15 

(^'Ophiuehi 

14 

L'^Ophiuehi 

16 

15 

16 

Z  Hereulis 

l.") 

I'Cygui 

16 

13 

L^  Ophiuehi 

10 

2() 

(/Ophiuehi 

12 

16 

rCygui 

17 

Z  Hereulis 

14 

14 

(S*  Caneri 

•>•> 

27 

t/Cejihei 

9 

16 

17 

[/■("ephei 

10 

(,rOiihiurhi 

8 

16 

[/  ( 'oronae 

12 

Algol 

12 

17 

<V  Librae 

12 

28 

Z  Hereulis 

15 

12 

).  Tauri 

15 

rCv-ni 

16 

8 

18 

Z  Hereulis 

14 

29 

t^  Cephei 

21 

14 

Alg.,1 

22 

/.  Tauri 

12 

10 

19 

I'Cygui 

17 

30 

Z  Hereulis 

13 

11 

U Cephei 

21 

Algol 

9 

NOTE    RELATIVE    T( »    T 


i:    RUTHERFURD-DAVIS    PARALLAX    OF 

Bv    HERMAN   S.   DAVIS. 


CASSIOPEA  K. 


In  A.J.  344,  anJ  also  in  Annals  New  York  Aoadcniy  of  .Sciences, 
Vol.  VIII.  p.  304,  I  have  pnblisheil  my  results  of  an  investigation  of 
the  parallax  of  riCatmiopeae,  from  lintherfunl  i)hoto,i;raphic  plates  as 

+0".443     ±0".()43 
or     +0'.46.'j     ±0'.044 

according  as  obtained  from  three  pairs  and  six  pairs  respectively.  If, 
however,  the  probable  errors  had  been  computed  after  the  method 
given  in  my  Declinations  and  Proper  itotions  of  Fifti/six  Stars  — 

Columbia  College,  New  Tork  City,  189.5  June  18. 


Memoir  I,  Xew  York  Academy  of  Sciences,  i>age  12,  as  suggested  by 
Professor  Sai  Foi!i>,  the  final  values  should  have  been  given  as 

+0".443     ±0".(l38 
or     4-0'. 4(1.')     ±0".034     respectively. 

It  is  also  interesting  to  note  that  Dr.  T.  .1.  J.  Sek  in  his  article  in 
A.J.  344,  relative  to  this  binary  star,  previous  to  knowing  of  this 
value  of  the  parallax,  has  argued  for  the  probability  of  a  jiarallax 
considerably  larger  than  heretofore  accepted. 


COXTEXTS. 
MicROMETRicAi.  Measi  RES  OF  DoiMii.p;  Staus,  mai)e  WITH  THE  •26-ixcir  Refractor  of  the  Leander  McCormick  Observatorv 

OF   THE   r.NIVEItSITV    OF    ViROI.VIA.    FROM    1.S0.5  .\l>RII,  10  TO  MAY  .5,    BV    Dk.  T.    J.    .J.    SEE. 

Observatio.ns  of  Mixor  Pi.axets,   by  Dk.  W.  S.  Eicuei.berger. 
Maxima  axd  Mixima  of  Loxo-Periou  Variables,  by  Mr.  .1.  A.  Pahkuiiist. 
OnsERVATioxs  OF  5iJ33  fi  XoRM  AE,  BY  Prof.  \V.  W.  Campbei.i,. 
Observatioxs  of  7787  Q  Cygxi,  by  Prof.  \V.  W.  Campbell. 

OnSERVATIOXS    OF   .SOVTIIKRX    VARIABLE    STARS,    BY'   PrOF.  ALEXAXDER    WiI.LIAM    KoBERTS. 

Xew  Elemexts  of  the  Orbit  of  2  3121,   by  Dr.  T.  J.  J.  See. 

Observatioxs  of  Excke's  Comet,  by  Prof.  Mary  E.  Byru. 

Observatioxs  of  A'IIydrae,  by  Prof.  II.  M.  Paul. 

EeuEMEKis  OF  Variables  of  the  Alool-Tvpe,  by  Mr.  P.vul  S.  Yexdell. 

XoTE  Relative  to  the  RcTiiERFrRD-DAVis  Parallax  of  //Cassiope.ve,  by  Mr.  Hermax  S.  Davis. 
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NOTES   ON   VARIABLE   STARS,  — No.  9, 

HENRY   M.  PARKHURST. 
Results  of  Obseka' anions. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

C'orr. 

W 

Remarks 

wtn-W) 

1574 

W  'Tiniyi 

Max. 

3135: 

Nov. 

2 

38 

-12 

1 

Ek'iuents,  A.J.  319.     My  own  suggested  iieriod  In 

li 

'. 

Mill. 

3256: 

Mar. 

3 

39 

+  45 

1 

A.  J.  :!19,  no  better 

1577 

li  Tauri 

Max. 

3275 

Mar. 

22 

37 

-12 

6 

1582 

S  Tduri 

Max. 

3227 

Feb. 

2 

34 

+   5 

3 

Long  interval  in  the  observations 

1717 

V  Tniiri 

Max. 

3222 

Jail. 

28 

48 

+  20 

4 

Revised  elements,  A.J.  :319 

a 

.. 

Mia. 

3302  : 

Apr. 

18 

49 

+  20 

1 

Correction  estimated  to  be  the  same 

1761 

B  Or'tonls 

Mill. 

3272  : 

Mar. 

19 

39 

0 

1 

Prediction  from  elements  ;  obsns.  not  yet  reduced 

1805 

V  Orionis 

Mill. 

3256 

j\lar. 

3 

6 

- 

2 

Corresponds  with  M — m  =  118  ;  elements  A.J.  :547  ; 
invisible  more  than  two  months 

1923 

S  Aurir/dc 

]\[ax. 

3136: 

Nov. 

3 

- 

- 

1 

Makes  the  last  period  (iOS  days  ;  A.J.  308 

1944 

S  Orionis 

Max. 

3178 

Dec. 

15 

22 

+  19 

9 

The  same  correction  that  I  foiuid  in  1885 

2013 

U  Aiirii/<ie 

Mill. 

3153  : 

Nov. 

20 

4 

- 

0 

Estimated  from  elements  ;  invisiljle  more  than  .5  months 

2100 

U  Orionis 

Max. 

3259 

Mar. 

6 

9 

+   7 

7 

Elements  .4 . .r.  ;519.    Yendei.i.  makes  corr.  neg.^4..7'.:Ml 

2266 

V  Jfoiiorcrotis 

Max. 

3172 

1  )ec. 

9 

13 

-   6 

8 

2478 

It  Ljjncis 

Mill. 

3239: 

Feb. 

14 

20 

— 

_ 

Elements;  probably  two  or  three  weeks  earlier 

2528 

R  Geminorum 

Mill. 

3214 

Jan. 

20 

27 

— 

— 

Elem.  A.J.  :!19;  observed  changes  too  slow  to  be  reliable 

2539 

R  Canis  minor  in 

Max. 

3276.0 

Mar. 

23 

39 

+  48 

9 

Closely  agreeing  with  A.J.  319 

2625 

V  Geminorum 

Max. 

3259 

Mar. 

6 

20 

-28 

6 

2684 

S  C'unis  minoris 

Max. 

3209 

Jan. 

15 

35 

0 

6 

Agrees  with  1893,  A.J.  :WS 

2735 

U  Canis  viinoris 

Mill. 

3325 

May 

11 

14 

- 

- 

Elements  ;  minimum  evidently  occurs  much  later 

(2903) 

—  Canr.ri 

- 

- 

- 

- 

- 

- 

Possibly  variable,  nP  =  15  days 

2946 

R  Cancri 

Max. 

3171 

Dee. 

8 

43 

+  18 

8 

2976 

V  Ciincr! 

Min. 

3175 

Dec. 

12 

32 

+   8 

2 

ti 

a 

Max. 

3280.2 

Mar. 

27 

32 

+  11 

8 

■ 

3060 

U  Cancri 

Max. 

3224 

Jan. 

30 

50 

+  49 

3 

Ob.serxations  intei-rupteil  at  time  of  ma.\imum 

3170 

S  Hydrae 

Max. 

■3231 

Feb. 

6 

54 

-  6 

3 

3184 

T  Hydrae 

Max. 

3308.3 

Apr. 

24 

47 

-28 

9 

3186 

T  Cancri 

Mill. 

3197 

Jan. 

3 

28 

-   5 

1 

Assuming  uniform  changes  ;  may  have  been  3  days 

3425 

X  Hydvae 

_ 

_ 

_ 

_ 



_ 

earlier 
Obsns.  tend  to  confirm  elements,  A.J.M' 

3477 

R  Leonis  iiiin. 

Mill. 

3233 

Feb. 

8 

30 

-  3 

4 

3493 

R  Leonis 

Max. 

3245 : 

Feb. 

20 

161 

-50 

1 

Perhaps  earlier;  much  brighter  than  last  year 

Individual  Obsebvation.s. 


1574  W  Tauri. 

1574  iV  Tauri.- 

— Cont. 

1574  W  Taiiri.- 

—Cont. 

1577  R  Tauri. 

1577  R  Tauri.- 

-Cont. 

(Continued  from 

31!1) 

Julian     Calendar 

Mag. 

Jiilian     Calendar 

Mag. 

(Continued  from 

319.) 

Julian    Calendar 

Mag. 

JiUian    Calendar 

Mag. 

1895 

31 94.6  Dec.    31 

10.8 

1835 

3246.6  Feb.    21 

12.8 

Julian     Calendar 

1895 

Mag. 

18D5 

3263.5  Mar.  10 

9.56., 

3135.6  Nov.     2 

9.7 

3208.5  Jan.   14 

11.3 

3267.5  Mar.  14 

12.8] 

3221.5  Jan.   27 

12.8 

3270.5            17 

9.69„ 

3153.5            20 

10.0 

3210.5            22 

12.4 

3276.4            23 

12.8' 

3236.5  Fell.    11 

11.6 

3276.6            23 

9.48., 

3168.5  Dec.     5 

li).09„ 

3236.5  Feb.    11 

12.6 

3294.5  Apr.    10 

12.4 

3239.5            14 

11.1 

3283.5            30 

9.62.. 

3182.6            19 

11.06., 

3242.6            17 

12.9 

3298.5            14 

12.0 

3245.5            20 

10.5 

3289.5  Apr.     5 

10.24„ 

(10.-,) 

100 
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1582  N  Tiiiir! 
(Continued  from  810.) 
Julian     Calendiii-       Mag. 

321.S.(i  Jan?"!!)  10.7 

3216.5  22  10.38. 

3221.5  27  10.2  ' 

323(!.5Feb.    11  10.8 

323!).5  14  11.1 

3245,5  20  ll.(! 


1717   r  Tdiiri. 
(Conlinut'd  from  :!11>. 

3182.(1  Dec.  19  12 

3i;»4.t;  31  11 

3208.5  Jan.  14  10 

321  l.G  17  10 

3216.5  22  10 

3238.6  Fell.  13  10 
3248.5  23  11, 
326it.5Mur.   16     12 


327: 


;.o 


19  12 


) 

5 

5 

6 

68., 

29.' 

67." 

18, 

35. 

37.; 

ss: 

0 
,3] 


3276.5     23  12. 

3281.5     28  13. 

3294.5  Apr.  10  13 

l.Sii.-,   VOrionh. 
(Continued  from  310.) 

181M-5 

3182.5  Dec.   19  13.0 

3194.6  31  13.2 
3208.5  Jan.  14  13.8 
3218.5            24  14.0 

3236.5  Feb.  11  14.0] 

3246.6  21  14.0] 
3267.5  Mar.  14  13.8] 
3281.5     28  14.0: 

3294.5  Apr.  10  14.0 

1923  SAnn.jae. 
(Continued  from  308.) 

3135.6  Nov.     2  10.5: 
3136.6              3  9.6 
3153.5            20  9.9 
3166.5  Dec.      3  10.6 

3181.5  18  10.5 

3194.6  31  10.5 
32(tS.6Jaii.  14  9.9 
3211.6  17  10.6 
3221.5     27  10.5 

3239.5  Feb.  14  11.0 

3246.6  21  11.0 
3270.5  Mar.  17  11.0 
3281.5     28  11.5 

3298.5  Apr.  14  11.6 

1944  S  OrionU. 

3153.6  Nov.  20  10.3 
3165.6  Dec.  2  10.1 


1944  SOrloiiis. — font. 

Julian    Calendar  Mag. 

3166.6  Dec.  3  9.54. 

3168.6      5  9,4S. 

3169.6      6  9.01. 

3177.6     14  7,97.' 

3180.6     17  8.43.' 

3182.5  19  9.05,' 

3183.6  20  8.53,' 
3185.6            22  8.60.' 


2013  UAurigae. 

(Continued  from  ;U0.) 

i!n>4-6 

3136     Nov.  3  to 

3281     Jlar.  28     12 
13  dates 

3298.5  Apr.  11      II. 

3305.6  21      11. 


2528  R  Gem  ill. 


-Cont. 
Mat;. 


0] 


2100  U  Orionis. 
(Continued  from  310.) 

3213.6  Jair"]  9  8.9 

3239.5  Feb.  14  116 

3240.5  15  6.75,, 

3245.5  20  6.62'., 

3251.5  26  6.rAl 

3262.5  Mar.  9  6.50.'; 

3270.5  17  6.41,'; 

3276.6  23  7.02,. 

3282.5  29   7.72,; 

2266  V  Moiiocerotis. 
(Continued  from  319.) 

3153.6  Nov^^'O  6.7 
3165.6  Dec.  2  6.86., 
3166.6  3  6.83.; 
3168.6  5  6.62^ 
3169.6  6  6.69; 
3177.6     14  6.46; 

3182.5  19       7.3i; 

3183.6  20       7.09; 

2478  R  Lynch. 
(Continued  from  319.) 

l8»»-5 

3182.5  Dec.    19     12.9] 

3213.6  Jan.    19     12.9] 
3245.6  Feb.    20     11.8 

2528  R  Gemlnorum. 
(Continued  from  319.) 

IHIM-S 

3182.5  Dee.  19  11.7] 

i  3194.6  31  12.0 

1  321.!.6  Jan.  19  12.0] 

j  3221.5  27  12.0 

!324(J.6Feb.  15  12.1 


Julian     Calendar 

3251.5  Feb.    26  12.0] 

.■i270.5  Mar.    17  12.0] 

32S1.5              28  12.0] 

3298.5  Apr.    14  12.0 

3312.5  28  12.0] 

3324.6  May    10  11.0 

2539  R  Cants  mhioris. 
(Continued  from  319.) 

3186.6  Dec.    23  9.87,.: 

3195.6  Jan.      1  9.66. 

3197.6               3  9.96! 

3198.6               4  9.09; 

3208.6             14  8.96; 

3217.5             23  9.17; 

3240.5  Feb.    15  8.83; 

.•52."')0.5             25  8.25; 

3263.5  Mar.    10  7.65; 

3270.5  17  7.23; 

3276.6  23  7,47; 
3283.5  30  7.66; 
3289.5  Apr.  5  7.27; 
3294.5     10  7.85; 

3303.5  19  7.80,. 

2625   V  Geminori'  111 . 
(Continued  from  310.) 

1S95 

32.39.5  Feb.    14  9.3 

.3241.5            16  9.i;i 

3256.6  Mar.  3  8.40; 
32()9.5  16  8.8.3; 
3274.5  21  8.79; 
3283.5     30  9.22; 

3289.5  Apr.  5  9.16; 

2684  S  Canis  minoris. 
(Continued  from  308.) 

318(16  T)eir23  7.40,,: 

3195.6  Jan.  1  7.57. 
3197.6  .3  7.57; 
3198.6  4  7.74; 
3208.6  14  7.40; 
3217.5  23  7.8(5; 
.3240.5  Feb.  15  7.7i; 
3251.5            26  S.97; 

27.35  U  Cams  minoris. 
(Continued  from  326.) 

ISO,'. 

3239.5  Feb,  14  9.5 

3245.5     20  10.87. 

325(>.6Mar.  3  lO.SO; 

3269.5     1()  W.r,0. 

3272.5  19  9.60" 

3276.6  23  10.73. 


27351/ Cii II.  mill. — font. 

Julian     Calendar  Mag. 

3283.5  Mar.  30  10.70., 
.3294.5  Apr.  10  11.48' 
.3303.6             19  11.81.; 

3312.6  28  12.44.; 
.3.324.6  May    10  12.6  " 

(2903)  —Canvri. 

(Contiiuied  from  326.) 

I  Hit:, 

3242,6  Feb,    17  12.8 

3245.6            20  13.0 

.3251.5            26  12.8 

.3281.5  Mar.  28  12.8 

3298.5  Apr.   14  12.7 

3303.6  19  12.8 

3305.5  21  13.25., 
.3312,6  2S  12,90; 
.•i326,(;  May  12  l:!,Oi; 
.3.330.6       '     16  i;!,04.; 

2946  7i'  Caiin-i. 

3158.6  Nov.  25  7.5 
3165.6  Deo.  2  7.2 
3166.6  3  7.02. 
3168.6  5  6.62; 
3109.6  6  6.41; 
3177.6  14  (i.87; 
3180.6  17  7.44; 
3183.6     20  7.39; 

2976  VCiinn-i. 
(Continued  from  326.) 

3158.6  Nov.  25  11.6 

3182.6  Dec.  19  11.8] 

3194.6     31  11.1 

3213.6  Jan.  19  9.5 

3249.5  Feb.  24  8.42, 
;!25(;.6M:ir,  :!  8,04; 
32(;9,6      16  8,05; 

3276.6  23  7.79; 
.3283.6  30  7.6I; 
3289.5  Apr.  5  7.77; 
3294.5     10  8.31; 

3298.5  14  8.01; 

.3060  UCancri. 
(Continued  from  326.) 

3158.6  Nov!'"25  1 2.2] 
3182.6  Dec.  19  10.9: 
3186.6  23  12.58. 
3194.6  31  11.2  ■ 
3197.6  Jan.  3  12.00. 
3211.6  17  11.48; 
3216.6  22  10.91; 
3240.6  Feb.     15  11.9 


3170  Sll,,di;u: 

(Continued  from  :>26.) 

.Julian     (-'alcnilar         Mag. 

321.3.6  Jan.    '19       8.3 
3242.5  Feb.    17       8.2I2 

3249.5  24       8.31., 

;!l.S.l    T  Itij.lrii,' 

3240.6  Feb.'"'"'!  5       9.2 
3251 .5  2(;       9.32., 

3271.5  Mar.   18       9.02., 

3283.6  .".0  7.7(;,'; 
.3289.6  Apr.  5  8.07;; 
.3294.6  10  7.S7; 
.3298.5  11  7.79,; 
3.303.5  19  7.15,; 
.3.".1 2.5  28  7.8.S.; 
.•!;!20.5  May  6  7.6.".;, 
."..324.6  10  7.S7,; 
."326,5  12  7.68;, 
33ll,(;  27  8.(;L 

318(>  T  Cinii'fi. 

31S3.(;i)cc.  20  0.47., 
321 1.6  .Ian.  17  9.47;, 
.3242.5  Feb.    17       ,9.21„" 


Z-i25  X  Jhjdrae. 

.3211.6  Jan.  17  13. 

.321(;.6  22  13 

.3242.6  Feb,  17  12 

3245,6  20  12, 

3249.6  24  12. 

.3271,5  Mar.  IS  12. 

3274.6  21  11. 

3283.6  30  12. 

.3.30.5.5  Apr.  21  11. 

.3324.6  May  10  10. 

.3.342.()   ■  28  8, 


0] 
,0] 

,5] 


0 

22 

86„ 

34,; 

02'„ 
24„ 

s 


y    -14°2887      8.77 

r     -14°2S99     10.08 

2T     -1.5'28.5o       8.63 


Compabisox-Stars  fok  3425  X Hydra e. 


5 

ZT 

-14^2907 

9.03 

3i¥ 

Z 

-14-'2890 

11.16     4 

ni 

1 

U 

-14°2894 

9.78 

4 

i 

2iilf       Z 

12.27     2 

11 

3.1/- 

lU 

-14°2915 

9.54 

3.¥ 

/.- 

2s2i,       U 

12.63     2 

3477  R  Leoiii.s  miniiris. 
(Continued  from  320.) 

.321.3.6  Jan.  19  11.8 

3240.6  Feb.  15  12.6 

.3245.6  20  12.51, 

3270.6  Mar.  17  11.9  ' 

3493  R  Leonis. 
(Continued  from  326.) 

3242.(iFeb!'"'"l7  4.86,, 

32.")0.5             25  5.01.; 

3272.5  Mar.    19  5.4.3;; 

32,S3.(;             30  5.66.; 

.3294.6  Apr.    10  ().29;, 


2»,2/'       V     13.00     2 
2m2/       VI.     13.13     1 
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SUNSPOT  OBSERVATIONS, 

MADK    AT    I'lllI.ADKI.I'IlIA,    I'K.N.V.,    wnil    A   4i-INClI    liKKItACTOIi, 

i!v  A.  w.  ql:imijy. 


1895 

Time 

New 

Total 

Fac. 

Del. 

1895 

Time 

New 

Total 

Fac. 

Def. 

1895 

Time 

Sew 

Total 

Fac 

Def. 

Gps 

Gpa. 

hpota 

Grs. 

Gps. 

Gps. 

Spots 

Grs. 

Gps. 

Gps. 

Spots 

Grs. 

Jan.    1 

10 

1 

0 

17 

4 

pool- 

'Slav.    4 

12 

_ 

5 

22 

2 

poor 

May    6 

12 

_ 

•> 

13 

3 

fair 

'> 

10 

1 

6 

20 

4 

poor 

5 

10 

1 

5 

12 

1 

])Oor 

*7 

9 

- 

1 

8 

1 

poor 

3 

12 

- 

6 

32 

2 

good 

6 

2 

3 

6 

29 

2 

poor 

8 

12 

1 

*> 

9 

1 

poor 

4 

10 

- 

6 

52 

3 

good 

7 

9 

- 

() 

20 

2 

poor 

9 

8 

1 

3 

12 

4 

fair 

.5 

8 

- 

3 

9 

_ 

v.poor 

8 

12 

- 

5 

12 

1 

v.poor 

10 

8 

1 

3 

11 

3 

poor 

7 

9 

- 

3 

12 

— 

v.j)oor 

9 

12 

1 

5 

27 

3 

fair 

11 

8 

_ 

2 

7 

1 

fair 

11 

10 

_ 

4 

41 

3 

fair 

10 

10 

2 

6 

32 

2 

fair 

12 

4 

1 

3 

15 

1 

fair 

12 

9 

- 

4 

22 

3 

poor 

11 

11 

_ 

5 

12 

— 

v.poor 

13 

10 

1 

4 

14 

4 

fair 

13 

10 

- 

3 

12 

3 

poor 

14 

9 

— 

5 

26 

2 

fair 

14 

2 

_ 

2 

14 

2 

poor 

14 

9 

1 

f> 

10 

3 

poor 

16 

9 

4 

9 

25 

o 

fair 

15 

8 

— 

3 

20 

2 

l)0(jr 

15 

12 

1 

3 

7 

4 

poor 

17 

9 

- 

5 

32 

*f 

poor 

16 

8 

- 

2 

13 

1 

poor 

17 

10 

o 

5 

13 

3 

fair 

IS 

9 

— 

3 

20 

2 

poor 

17 

10 

1 

3 

29 

2 

fair 

18 

10 

3 

7 

18 

3 

fair 

19 

9 

1 

4 

33 

2 

fair 

18 

8 

_ 

4 

24 

4 

good 

19 

1 

_ 

6 

40 

3 

fair 

20 

9 

— 

2 

10 

- 

v.poor 

19 

1 

1 

5 

31 

4 

fair 

20 

1 

_ 

7 

41 

4 

fair 

21 

9 

1 

4 

43 

1 

poor 

20 

8 

1 

5 

26 

4 

good 

22 

10 

1 

4 

34 

3 

fair 

22 

9 

_ 

4 

45 

2 

poor 

22 

7 

— 

5 

42 

2 

fair 

23 

9 

1 

5 

17 

2 

fair 

23 

2 

1 

5 

50 

3 

fair 

*23 

1 

_ 

5 

24 

1 

poor 

24 

9 

1 

7 

34 

3 

fair 

24 

10 

_ 

O 

41 

2 

poor 

24 

7 

2 

7 

32 

2 

poor 

25 

10 

- 

6 

27 

2 

poor 

25 

5 

- 

3 

24 

3 

poor 

26 

6 

2 

8 

72 

2 

jjoor 

26 

12 

- 

4 

34 

2 

poor 

26 

9 

'> 

5 

36 

3 

good 

27 

8 

- 

8 

62 

9 

poor 

27 

9 

1 

5 

-68 

4 

fair 

27 

12 

— 

4 

14 

9 

]>oor 

28 

8 

- 

6 

57 

2 

poor 

28 

9 

4 

9 

97 

3 

good 

28 

9 

_ 

3 

36 

1 

good 

29 

8 

1 

5 

52 

3 

fair 

29 

1 

1 

8 

64 

2 

fair 

29 

10 

1 

3 

32 

2 

fair 

30 

8 

_ 

5 

26 

4 

good 

31 

10 

2 

10 

70 

2 

fair 

30 

8 

— 

3 

32 

3 

fair 

31 

7 

1 

5 

33 

2 

fair 

Feb.    1 

9 

_ 

8 

72 

2 

fair 

31 

10 

1 

4 

30 

2 

fair 

June    1 

7 

_ 

3 

30 

2 

fair 

2 

•> 

1 

5 

22 

2 

v.poor 

Apr.    2 

11 

2 

6 

28 

3 

fair 

2 

8 

3 

5 

43 

3 

fair 

3 

9 

- 

8 

32 

2 

poor 

3 

11 

- 

5 

36 

3 

fair 

3 

8 

1 

5 

43 

3 

f  ai  r 

4 

2 

— 

6 

51 

4 

fair 

4 

9 

- 

5 

23 

3 

fair 

4 

3 

- 

4 

39 

*> 

good 

5 

10 

_ 

3 

22 

'> 

poor 

5 

10 

1 

6 

14 

3 

poor 

5 

4 

3 

7 

48 

o 

good 

6 

10 

_ 

3 

12 

2 

poor 

(J 

8 

- 

4 

14 

2 

poor 

6 

8 

1 

6 

60 

2 

fair 

8 

10 

- 

3 

12 

1 

poor 

1 

8 

- 

4 

12 

1 

poor 

7 

8 

- 

5 

38 

2 

fair 

9 

10 

2 

4 

11 

2 

poor 

9 

8 

1 

5 

23 

3 

fair 

8 

7 

- 

5 

40 

2 

fair 

10 

9 

— 

4 

11 

O 

poor 

10 

7 

- 

5 

10 

1 

jioor 

9 

5 

1 

6 

44 

2 

fair 

11 

2 

1 

3 

21 

2 

fair 

11 

9 

3 

7 

20 

3 

fair 

10 

8 

1 

« 

37 

3 

fair 

12 

9 

_ 

3 

11 

*> 

poor 

12 

10 

1 

7 

25 

o 

fair 

11 

11 

- 

6 

28 

3 

fair 

13 

12 

— 

3 

9 

1 

poor 

14 

9 

— 

5 

31 

3 

fair 

12 

10 

- 

3 

30 

2 

poor 

14 

10 

1 

4 

8 

3 

fair 

15 

9 

- 

4 

30 

2 

fair 

13 

11 

1 

5 

32 

3 

fair 

15 

10 

2 

5 

13 

2 

poor 

16 

'> 

- 

4 

42 

1 

good 

14 

11 

- 

5 

52 

5 

fair 

17 

9 

1 

6 

26 

2 

fair 

17 

9 

- 

4 

29 

o 

fair 

15 

8 

- 

5 

72 

5 

fair 

18 

11 

1 

7 

20 

3 

poor 

18 

8 

1 

3 

32 

2 

fair 

16 

8 

1 

5 

101 

5 

fair 

19 

11 

_ 

6 

23 

2 

fair 

19 

8 

2 

4 

36 

2 

fair 

17 

8 

- 

5 

72 

2 

fair 

20 

9 

_ 

6 

26 

2 

poor 

20 

8 

1 

5 

38 

3 

fair 

18 

8 

1 

4 

102 

3 

fair 

21 

3 

_ 

5 

29 

2 

poor 

21 

8 

2 

7 

44 

3 

fair 

19 

8 

_ 

4 

83 

2 

fair 

22 

10 

_ 

5 

26 

2 

fair 

22 

8 

— 

7 

42 

4 

fair 

20 

8 

_ 

4 

45 

2 

fair 

23 

10 

1 

6 

34 

3 

fair 

23 

8 

1 

6 

47 

4 

fair 

21 

8 

_ 

4 

20 

— 

v.poor 

24 

10 

3 

9 

41 

3 

poor 

24 

8 

1 

7 

56 

4 

fair 

23 

8 

— 

5 

48 

2 

fair 

25 

9 

— 

5 

24 

2 

poor 

25 

10 

1 

8 

51 

3 

fair 

24 

9 

1 

5 

26 

2 

fair 

26 

9 

1 

8 

32 

2 

poor 

26 

8 

1 

8 

45 

3 

fair 

25 

7 

_ 

4 

32 

2 

fair 

27 

9 

2 

10 

45 

o 

poor 

May    1 

2 

4 

23 

*> 

poor 

26 

8 

- 

3 

26 

2 

fair 

28 

9 

- 

4 

20 

— 

v.poor 

2 

8 

o 

5 

24 

3 

fair 

27 

8 

- 

3 

18 

9 

fair 

Mar.    1 

9 

1 

9 

52 

'> 

fair 

3 

11 

_ 

4 

13 

o 

fair 

28 

8 

1 

4 

32 

1 

fair 

2 

5 

_ 

5 

18 

1 

v.poor 

4 

10 

_ 

3 

26 

4 

fair 

29 

8 

- 

4 

27     1 

fair 

3 

10 

- 

5 

26 

2 

poor 

5 

- 

- 

1 

15 

4 

fair 

30 

4 

1 

5 

17     2 

fair 

*  2i-inch  Refractor. 
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OX  THE  CORRECTION  OF  PHOTOGRAPHIC  MEASURES  FOR  REFRACTION, 

«v  IIAUOLD   .lACOHY. 
Various  formulas  have  been   published  for  freeing  the 


measured  rectangidar  i-oordinates  oi  star-images  ju  a  photo- 
grajihio  plate  from  the  effect  of  refraction.  Those  of  Ham- 
BAVT  (A.N.  3125  and  I'ntns.  Royal  Irish  Acad.  Vol.  XXX, 
p.  244),  are  the  most  convenient,  and  they  are  sufficier.tly 
accurate  when  the  zenith-ilistance  and  declination  are  not 
too  great.  Dr.  Eambaut  finds  that  the  corrections  required 
by  the  measured  A'  and  1'  on  the  plate,  are  of  the  form 

.iy,A'  sec  a  +  JV,  Y    for  A'  sec  cS 

JJ/,A'secfi  +  A;r  for  Y 
where  A'  and  Y  correspond  respectively  to  differences  of 
right-ascension  and  declination,  and  8  is  the  declination  of 
the  center  of  the  plate.  The  coefficients,  J/,,  etc.,  are 
functions  of  the  latitude,  and  of  the  hour-angle  and  decli- 
nation of  the  center  of  the  plate,  and  are  therefore  constant 
for  all  stars  upon  it.  The  formulas  owe  their  convenience 
to  this  circumstance ;  and  with  them  the  labor  of  correcting 
for  refraction  is  practically  limited  to  the  computation  of 
the  coefficients  M^ ,  etc.  For  the  measures  must  be  corrected 
in  any  case  for  errors  of  orientation  and  scale-value ;  and 
as  these  corrections  are  of  the  same  form  as  the  above 
refraction-<-orrections.  the  two  can  be  applied  together  as 
easily  as  one  alone. 

Formulas  for  J/,,  etc.,  have  also  been  given  bj'  Prof.  Tl-kxek 
(M.N.R.A.S.  Liv,  p.  IS),  and  while  he  has  deduced  them 
in  an  ingenious  way,  he  has  omitted  a  necessary  step,  and 
his  results  are  therefore  incorrect.  He  finds  M^  and  N,  cos-  S 
equal,  wliile  in  lt.\Mii.\uT's  formulas  they  differ;  and  this 
appears  to  have  escaped  his  notice,  though  in  his  paper  the 
two  sets  of  formulas  are  given  side  by  side  for  comparison. 
The  following  formulas  are  rigorously  equivalent  to  Ram- 
baut's,  but  are  perhaps  a  little  more  convenient,  especially 
as  a  great  part  of  the  computation  can  be  effected  without 
using  logarithms.  In  these  formulas  G  iuul  //  are  the 
same  as  Prof.  Turner's  A' and  Y,  and  in  Rambaut's  nota- 
tion they  correspond  to  ;^  cos  8  and  v''-  The  honr-angle  is 
(e-«). 

sin7tsin.y  =  cos4>  cos(d— a) 
sin  n  cos  N  =  sin  ^ 

G  =  cot(8-l-2V) 

H  =  tan  (d— «)  sin.ycosec(8-fJV) 
tan-r  =   G-+H- 


jy,  =   /.•  ( 1  -h  //  ■--  G  tan  S)  sin  1" 
N.  =   ^\./-{GJI  .seo8— //tan8  sec8)  sin  1" 
3r^  =  1 5 /•  (GH  cos  S  +  JI  sin  S)  sin  1" 
A',  =   l-(l  +  G-)  sinl". 
These  formulas  will   give  the  correction  for  Asec8   in 
seconds  of  time,  and  for  Fin  seconds  of  arc.     Log/-  can 
be  taken  from  the  Besselian  refrac'tion-tablc,  witli  the  argu- 
ment "  true  zenith-distance  ; "'  but  it  mu.st  then  be  increased 
by  the  quantity 

log(l +  ,.',.)   or  O.00G6, 
to  allow  for  the  difference  between  the  i)hotograi)hic  aiul 
visual  refraction-constants.     (Hkxky  lirothers,  Jiii//.  Com. 
Perm.  I.  464,  Scheixer  and  Rambaut,  A.N.  3255). 

The  above  formulas,  in  common  with  those  of  Ramhatt, 
have  the  disadvantage  that  the  auxiliary  ijiuuitities  are 
functions  of  the  hour-angle,  as  well  as  tlic  latitude  and 
declination.  If,  therefore,  we  wish  to  tabulate  the  coef- 
ficients j^/, ,  etc.,  as  functions  of  the  hour-angle  and  decli- 
nation, for  a  given  latitude,  we  must  compute  all  the 
auxiliaries  for  each  value  of  both  declination  and  lioiir- 
angle.  We  can  avoid  tliis  difficulty,  and  at  the  same  time 
render  our  formulas  much  more  convenient,  if  we  expand 
the  coefficients  ilA,,  etc.,  in  ascending  ))owers  of  the  hour- 
angle.  The  resulting  series  will  generally  converge  rapidly, 
because  most  astronomical  photographs  of  precision  are 
taken  near  the  meridian. 

If  we  put     t  =    $—tc,     we  have 

tan  N  =  coti^  cos^, 
and  therefore  to  terms  of  tlie  third  order  inclusive, 

N  =  -^— <|)  +  tanHi' sin2(|) 
and  to  the  same  order  of  accuracy, 

tau((;)— 8)+jr-'sec'''  (<^— 8)  sin2(|) 
<cos(J)  sec((J>— 8)— <'  cos(|)  sec(4> 


I 


G  = 
H  = 


W  sin(f)  sec(<|)— 8)  sin  8— J] 
We  might  employ  these  formulas  for  computing  G  and 
H,  and  then  proceed  as  before.  Rut,  when  the  hour-angle 
does  not  exceed  one  hour,  we  may  neglect  terms  in  t^. 
We  then  obtain,  after  some  reduction,  and  introducing  the 
auxiliary  ?.,  the  following  system  of  formulas,  in  which  none 
of  the  auxiliaries  depend  upon  the  hour-angle.  In  these 
formulas,  t  is  to  be  expressed  in  minutes  of  time. 


tan  A  =  ^  tan  (|) 

0),  =  A- cos<^  sec(<^— 8)  sec8  sinl" 

0),,  =  \  k  sin2(/)  sec'-'((^  — 8)  sec8  cos  (/1-I-8)  coseeJ.  •sin-'  1'"  sinl" 

'"^  =  -ir,  ^''  sin  (</)— 28)  cos(/)  sec- 8  sec-(</)— 8)  sin  l""  sin  1" 

o),  =  VAr  sin 2^  sec- (<J)— 8)  sinl""  sinl" 

oj;  =  /.•sec-(<|)— 8)  sinl" 

(0,  =  ^  to,  tan  (<^— 8)  sinl"" 


log/;  .sinl"  =  6.4532-10 

logjA  sinr'sinn-"  =  1.1308-10 
log  ,'.,  1:  sin  1"-  sin  1"  =  2.9169-10 
log  Y  k  sinl™  sinl"  =  4.9681-10 
log  A  sinl"  =  6.4532-10 

log  ^5  sin  1""  =  6.4637-10 
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3f^    =    Wi  +  Wj!!- 

Ny   =   0)5  +  o)f,  i " 
And,  as  before,  if  X  and  Fliave  been  measured  on  the 
plate,  we  must  add  to  A'  sec  8,  the  oorrec-tiou 

i1/,A'spc('(+iV,  r, 
ami  to    Y  the  correction, 

The  coefficients  in  the  formulas  are  so  arranged  that  the 
correction  for  A'sec(^  will  come  out  in  seconds  of  time,  and 
for  y  in  seconds  of  arc,  if  A' seed'  and  Y  are  expressed  in 
seconds  of  time  and  arc  respectivel}'.  The  limitations  of 
these  formulas  are  the  same  as  those  of  Ramuaut's  form- 
ulas, with  the  added  limitation  that  the  hour-angle  must 
not  exceed  one  hour.  This  last  condition  will  generally  be 
fulfilled,  especially  for  the  plates  of  the  astro-photographic 
catalogiie.  The  quantities  oji ,  etc.,  are  readily  tabulated 
for  a  given  latitude,  with  the  argument  tS ;  and  the  compu- 
tation of  Af^,  etc.,  then  requires  hut  a  mere  trifle  of  labor. 
When  the  zenith-distance  does  not  exceed  45°,  we  may 
safely  give  to  log  h  a  constant  value,  taken  from  Bessel's 
refraction-tables.  The  coefficients  given  on  the  right-hand 
side  of  the  above  fonnulas  are  computed  with  this  value, 
taking  account  also  of  the  difference  between  the  visual 
and  photographic  refraction  constants.  The  above  principle 
of  expanding  the  refraction-coefficients  may  probably  also 


be  applied  at  very  high  declinations,  when  we  may  employ 
a.scending  powers  of  the  polar  distances,  as  well  as  the  hour- 
angle. 

As  an  examjilc  of  the  nso  of  the  above  formulas,  I  have 
computed  the  refraction-coefficients  for  the  latitude  of  Paris 
(48°  50'),  ami  declination  24°. 

The  numbers  obtained  are : 
wj  =  .{)()0225       0),  =  .00000000212       oi.,  =  .0()(i00(»00115 
M^  ==  .0000112     wj  =  .000345  w„  =  .00000000151 

From  these  we  readily  find  with  Ckelle's  tables : 
{  M.  N,  jV„  J\'„ 


0 

.000225 

.0000000 

.00000 

.000345 

10 

.000220 

.(1000000 

.00011 

.000345 

20 

.000220 

.0000000 

.00022 

.000346 

30 

.000227 

.0000000 

.00034 

.00034f5 

40 

.000229 

.000(1000 

.00045 

.000347 

50 

.000231 

.000000] 

.00056 

.000349 

GO 

.000233 

.0000001 

.000()7 

.000350 

3/,  and  N^m'B  always  positive;  iV^  and  3fj,  are  negative 
for  negative  hour-angles. 

The  above  little  table,  requiring  with  the  m  s  less  than 
half  an  hour  in  comi)utatiou,  contains  all  that  is  necessary 
for  the  i-efraction-correction  of  the  24°  belt  of  the  astro- 
photographic  catalogue;  except,  of  course,  that  the  co- 
efficients M,,  etc.,  may  need  to  be  multiplied  by  the  usual 
meteorological  factor,  whose  logarithm  can  be  taken  from 
the  Besselian  refraction-tables. 

Roijal  Observatory,  Cape  of  Good  Hope,  1895  Ajir'd  24. 


MAXI^IA  AND  MINniA 

By  \V.  E. 

The  following  observations,  except  those  of  W  Vir/jims, 
extend  from  1894  September  to  1895  May,  and  were  made 
with  a  3-inch  refractor,  by  the  Argelander  method.  The 
magnitudes,  miless  otherwise  stated,  are  on  the  historic 
scale.  Where  time  is  expressed  in  a  decimal  of  a  day, 
Greenwich  Mean  Time  is  referred  to. 

1623.      T  Camelopanhdis. 
Twenty -one  observations,  from  1894  Dec.  3  to  1895  Mar.  2, 
yield  the  date  of  maximum  1895  Jan.  3,  at  7". 8.     The  rise 
was  rapid  and  the  fall  more  slow,  both  were  regular. 

1981.      S  Camelopardalis. 

Thirty -eight  observations,  from  1894  Dec.  3  to  1895  ^lay 
27,  give  a  maximmu  for  1895  Feb.  13,  at  8". 5.  The  star 
was  at  the  9".0  when  observation  commenced,  and  at  last 
observation  had  returned  to  that  magnitude.  From  Jan.  to 
April  it  fluctuated  between  8". 3  and  8". 6,  making  the  curve 
very  flat  at  maximum. 

2100.      U  Orion!^. 

Twenty-seven  observations,  beginning  1895  Jan.  14,  when 
the  star  was  at  8". 5,  and  extending  to  April  23  when  the 


OF   VARIABLE   STARS, 

•SPERRA. 

star  had  fallen  to  7". 8,  indicate  the  date  of  maximum  quite 
definitely  for  1895  Feb.  24,  at  6". 7.  All  observations  but 
four  are  within  a  step  (0.06  mag.)  of  curve.  After  tlie  star 
remained  stationary  at  6". 7  for  about  ten  days,  it  suddenly 
rose  0.4  mag.  higher,  and  as  suddenly  fell  back  to  6". 7.  This 
sudden  fluctuation  was  accomplished  in  less  than  ten  days. 

2815.      U  Geniinoram. 
I  have  the  following  observations  of  December,  1894,  and 
jVIarch,  1895,  maxima.     Neither  set  gives  the  date  of  maxi- 
mum.    The  magnitudes  are  on  B.ixf.xdell's   photometric 
scale. 

1894  Dec.        4.75      <12!3 
y  6.94  9.6 

8.90        1(».0 

1895  March    6.55  9.7 

10.65  9.5 

14.60  9.7 

16.55  10.4 

17.60  11.2 

18.55  12.3 
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4.")1.'1.     li  I'iri/lnis. 
Fifteen  observations,  from  IS!)")  Feb.  4  to  Ajiril  2M,  yielil 
a  mininuun  for  1895  Murcli  19,  at '.)".7.     Star  was  at  8»'.5 
when  observation  commenced,  and  at  last  observation  it  bad 
a^ain  reached  that  magnitude. 

4557.     S  Urniif  Mnjorls. 
A  minimum  for  lS94Xov.  2(>.  at  11". 4.  and  a  nuiximum 
for  ljS95  Marcli  IS,  at  T^.G,  are  imlicated  bj-  tliirty-two  olv 
servations  from  1894  Sept.  23  to  1895  May  4. 

5157.     S  Jiiiiitls. 
Fourteen  observations,  from   1895  Jan.  27  to  Ajiril  2,  in- 
dicate  a   maximum    for    1895  Feb.  7,  at  8''.4.     Mag.  only 
aii]iroximate.     The   rise   was  rainil.  ami   the  fall  slow  and 

irregular. 

51 '.14.       r  }ioi>fi.i. 

Eighteen  observations,  commencing  1895  Jan.  1,  when  the 

star  was  of  S".0,  and  extending  to  Ai)rillO,  when  star  had 

returned  to  same  maguitu.le,  gives  the  date  of  uiaxinuim 

quite  definitely  for  1895  Feb.  23.  at  7". 4.     The  rise  was  a 

little  slower  than  the  fall,  and  observations  are  close  to  curve. 

(i2(t7.  Z  Op/ilnr/ii. 
Twenty  observations,  covering  the  period  from  1895  Feb. 
23  to  Jlay  29,  give  the  date  of  maximum  for  1895  ilar.  28, 
at  8". 2.  The  rise  was  considerably  more  rai)id  than  the 
fall.  The  star  was  at  about  8". 7,  when  observation  com- 
menced, and  a  little  below  that  at  last  one.     'I'hc  oltscrva- 


tions  are  somewhat  discordant,  ami   llififfore  the  date  of 
maximum  may  be  uncertain  by  a  day  or  two. 

7085.  liTCi/ffni. 
A  maximum,  1894  Dee.  17,  at  6^.9,  and  a  minimum,  1895 
Aiiril  12.  at  11". 5  (the  assumed  limit  for  luy  eye  ami  glass), 
are  indicated  by  thirty-eight  oliservations,  from  1894  Nov.  25 
to  lS95^Iay  24.  The  rise  is  rajiid.  and  the  fall  (piite  slow 
for  about  sixty  days  after  maxiniuiii.  The  star  then  falls 
more  rajiidly  to  niiniinum. 


ShoUT-I'KKIOU    A'AKl.\!iLKS. 

I  have  the  following  maxima  and  minima  of  three  of  the 
sliort-period  stars  observed  with  same  instrument. 

2279.      T  Monorn-otis. 
Twenty -one  observations,  from   1.S95  ^larch  IS  to  jSIay  1, 
yield  a  maximum   March  2S.(>,  at  G^'.J  ;    a  minimum  Ajuil 
IG.O,  at  6". 8,  and  another  maximum  Ajjril  25.2,  at  (i".l. 

4805.      W  Virr/hnS. 
Ten  observations,  from  1894  June  19   to  July  8.  give  a 
maximum  June  21.9,  at  8". 5,  and  a  minimum  July  1.4,  at 
9". 6.     Tlie  magnitudes  are  only  apinoximate. 

7437.     A'  (' 1/1/ II I. 
Twenty  observations,  from   1894  Dec.  19   to  1895  Feli.  4, 
yield  a  maximum  1894  Dec.  25.(i5,  at  6". 3,  a  minimum  1895 
Jan.  22.55,  at  ()".9,  and  another   niaxinnini    for  1895  Jan. 
27.90,  at  G".3. 


OBSERVATIONS   OF-  MIMAS  AND  ENCELADU8, 


M.\I>K     WITH     THK     2fi-lNCH     JiEKHACTOK     OF     THK     LK.VNDKU     M>;coH.MICK     "IISEH  V.XTOI!  V 

Bv  ORMOND  STONE. 
The  following  measures  are  a  continuation  of  the  obser-  Kiirrlndus-'Tutliijx. 

vations  of  the  satellites  of  Sutiirn  given  in  A.J.  347.     The  1804  Kasiern  Time  p 

angles  given  ai-e  each  the  mean  of  two  comparisons ;  the      Mar.  14 
distances  were  obtained  from  measures  of  double  distances 
Corrections  have  been  applied  for  refraction. 
ilimas—Encelatlii.f. 


1S!14 
Apr.   29 

Mav     1 
IM 


Apr.  ;{0 


Apr.  30 


Mar.  13 


Kastern  Time 

ll  111  8 

12     5  36 

12  25  34 

8  11  49 

8  25  37 

8  41  57 


P 

90°.25 
91.29 
159.49 
59.63 
60.23 


Eastern  Time 

ll      111      « 

12  13  54 

12  16  50 

8  22  59 

8  32  57 

8  35     3 


Mimas-  Tutli  i/x. 

10  46  58         257.10  "  10  55  52 

11  3  13         256.86  Id  57  43 

JUtmas-  Jfi'im-. 

11  12  44         121.85  n  21  53 

11  32  47         126.40  11  24  16 

Enf^idadiis-Tetlnjs. 

14  39  30         309.37  .  .     . 

14  43  28         .308.91  .  .     . 


s 

G5'!23 

65.30 

4.74 

7.63 

7.84 

17.34 
17.36 

24.60 

24.28 


30 

Apr.  14 

24 


14 
11 


29 
May     S 

15 
June    3 

23 

Mar.  21 
27 


Kiii'i'hnlus 
Eastern  Time 

h        111       8 

13  56     3 
1  33 

7  17 

14  k;  29 

11  0  26 
17  42 
.■:3     4 

12  17  29 
1(1  12  47 
10  ;!0  49 

9  36  22 
9  53  26 
9  18  35 
9  28  17 
8  44  39 
8  59  33 


11 
12 


34.1(1 

36.64 

81.27 

S2.94 

109.31 

109.75 

68.48 

69.52 

66.72 

67.90 

220.68 

226.15 

244.47 

243.51 

80.GG 

82.15 


Cont. 
Eastern  Time 


11   14 
14  23 


11 
11 
12 

12 


10 
12 
39 
11 


10  20 
10  24 


41 
45 


9  24 

8  53 
8  56 


Enceladus-Dione. 
V.\  40  36  28.90         13  41 

l.S  49  34  31.04         13  45 

11   25  57         351.20         11  35 
11  42  25         352.40  .     . 


15 

51 
•> 

52 
24 
11 
58 
10 
57 
14 
27 
54 
18 
\t> 

12 
10 
51 


14.71 
21.24 
10.46 
10.24 
11.40 
11.39 
21.85 
21.  SO 
17.27 
17.34 
6.73 
6.80 
1 1  ..".S 
11. .-.3 


8.02 
8.15 
7.51 
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Ewi'lndiin 

-Dioiie.  - 

-  Cont. 

Enceladus-Eh  ea 

1894 

Eastern 

Time 

P 

Eastern 

Time 

s 

1894 

Eastern  Time 

P 

Eastern 

Time 

s 

ll             III           8 

ti     11 

s 

1 

o 

)t 

II 

Mai:  -M 

11  43 

45 

67.30 

Mar.  13 

14     2  57 

276.05 

15 

15 

15 

105.08 

Api'.    •.".! 

13     7 

26 

65.29 

13  17 

42 

•)')  •>g 

14     7  56 

276.81 

15 

19 

32 

104.61 

13  25 

46 

66.89 

13  18 

59 

22.48 

14   l.'!  32 

276.31 

Mav    Kt 

!l  57 

31 

57.65 

10     5 

47 

13.49 

Apr.  27 

9  58  1 1 

267.67 

10 

1 

0 

45.80 

10  19 

15 

59.01 

10     6 

44 

13.48 

10  19  50 

267.48 

10 

10 

1 

45.84 

15 

9  11 

4 

65.12 

9  16 

44 

16.51 

June    3 

10     9  49 

35.9(i 

10 

14 

33 

18.40 

9  25 

28 

65.()6 

9  20 

56 

16.29 

10  20  41 

37.95 

10 

17 

23 

18.59 

June    3 

9  49 

23 

43.13 

9  53 

41 

13.91 

23 

9  28    ;; 

101.89 

9 

36 

4 

28.16 

10     0 

27 

46.2() 

9  5(5 

:k 

13.89 

9  H    11 

101.81 

9 

39 

39 

28.23 

14 

9     0 

45 

49.36 

9     6 

•  > 

15.12 

9  15 

39 

52.93 

9     9 

27 

15.33 

Kuf.i 

Uidus-Titd) 

23 

9     4 

25 

74.74 

9  11 

28 

25.()9 

Apr.  1() 

10  Kt  48 

125.64 

10 

25 

16 

r>5.69 

9  18 

53 

75.45 

9  12 

49 

25.69 

10  36  56 

126.60 

, 

OBSERVATIOI^S  OF  MINOR  PLANETS. 

MADE    AT   THE    DUDLEY    OBSBKVATOIiV,    AI.IiANY, 

By  JOHN  H.  OGBURN. 


1 

Xo. 
comp. 

Planet—  % 

Planet's 

Apparent 

log  p\              \ 

189.)  Alhany  il.T. 

* 

J«                   Jo 

a 

o 

for  a 

for  8 

(6)  Nehe. 

ll          111         s 

m       8                        '         '' 

ll        m       s 

o        ; 

n 

Mar.    5 

8  14  28 

1 

4 

-3  34.52 

+  4  57.6 

11  18  57.06 

+  15  29 

27.5 

»9.602 

0.694 

9 

7  20  28 

o 

5 

—  1  57.70 

+  0  33.3 

11  15  28.78 

16     6 

57.9 

»/9.632 

0.712 

17 

9  54  12 

3 

7 

+  0  56.37 

-4  20.8 

11     8  31.04 

17  16 

7.5 

W9.253 

0.593 

21 

8     2  19 

4 

6 

+  2     9.98 

-1     8.4 

11     5  20.34 

17  45 

8.7 

;/9.520 

0.635 

25 

9  38     S 

5 

7 

+ 1     2.65 

-6  19.8 

11     2  14.99 

+  18  11 

51.5 

»9.144 

0.571 

(287)  Nej^hthys. 

Mar.    3 

9     5  12 

6 

7 

-1  38.20 

+3  13.3 

10  24  59.47 

+  14  43 

39.7 

M9.445 

0.650 

5 

8  58  56 

7 

13  ,5 

+  0     2.41 

+  9  47.4 

10  23  16.49 

15     2 

28.7 

M9.438 

0.645 

17 

8  43  42 

8 

5 

-0  36.91 

-0  48.1 

10  14     7.47 

+  16  40 

35.1 

«9.317 

0.607 

Mean  Places  for  1895.0  of  Co 

mparison-  Stars. 

Red.  to 

8 

Reel,  to 

* 

a 

app.  place 

app.  place 

Autliority 

1 

h        m       a 

11  22  29.40 

+  2.18 

+  15^24  4L2 

-11.3 

'    Paris  14003 

o 

11  17  24.21 

2.27 

16     6  35.5 

10.9 

Paris,  Armagh  II 

3 

11     7  32.36 

2.31 

17  20  38.0 

9.7 

Astr.  Gesellsch.  Berlin 

4 

11     3     8.02 

2.34 

17  46  26.3 

9.2 

Paris,  Brussels,  Cincinnati 

5 

11     1  10.06 

2.28 

18  18  19.4 

8.1 

Greenwich  1880,  Glasgow  II 

6 

10  26  35.49 

2.18 

14  40  34.0 

7.6 

F.  46  Leonis 

1 

10  23  11.88 

2.20 

14  52  48.7 

7.4 

Paris,  Glasgow,  Brussels 

8 

10  14  42.16 

+  2.22 

+  16  41  28.5 

-   6.2 

Astr.  Gesellsch.  Berlin 

Tlie  positions  of  stars  3  and  8  have  been  kindly  forwarded  by  Dr.  AuwERS,  upon  the  application  of  Prof.  Boss. 


NEW   SHORT-PEKIOD  VARIABLE, 

By  ALEX.  WM.  ROBERTS. 


.  The  star  Cordoba  Z.C.  XII,  903,  whose  position  for  1875.0 
is  R.A.  =  12"  14'"  33»  ,  Decl.  =  —61°  35'  15"  is  a 
variable  of  short  period. 

I  have  suspected  its  variation  for  some  time,  but  owing 
to  its  close  proximity  to  (4429)  I    have  hesitated  to  an- 


nounce variation  until  I  should  be  certain  that  its  light- 
changes  were  in  no  way  dependent  upon  (4429). 

All  the  changes  can  be  well  represented  by  a  period  of 
6.669  days,  the  period  of  increase  being  only  2.73  days. 

The  limits  of  variation  are  6". 8  and  7". 6. 


This  star  is  Gen.  Catal.  10832  =  Lac.  .5108  ;  and  shoidd  receive  the  name  T  Crucin.  —  Ed. 
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A   SOLAK   rilOMINENCE, 

By  .1.   R.  COIT. 


Vjion  tlic  aftornoou  ot  .limo  11,  ISOij,  a  proniiiicnco  was  dtisorveil 
at  tlie  Boston  rnivcisity  ()l>servatory,  which  presenleit  ]>lieuoiiii'iia 
suflii'ioiitly  interestiiis;,  it  woulil  seem,  lo  warianl  maki  .g  it  a  matter 
of  sei)arati'  record. 

The  observations   were  made  in  the  C  line  of  the  third  spectrnm. 

The  seeing  was  t;ood  througliont,  and,  at  times,  even  excellent. 

At  2''  17"'.  \V.  M.  T.,  with  the  slit  tangential  at  position  angle  243°, 
a  very  brilliant  prominence  was  discovered. 

When  tirst  observed,  the  prominence  rested  upon  the  Sun  with  a 
broikd  l)ase  and  w  idened  out  at  the  top,  somewhat  more  toward  the 
south  than  the  west  point  of  the  sun's  limb.  I'pon  the  side  toward 
the  west  a  pemlant  streamer  reached  downi  lo  the  chromosphere  and 
extended  upim  it  some  1")",  far  exceeding  it  in  brilliancy.  I'pon  the 
south  side,  at  the  top  of  the  iirominence,  there  was  a  slight  cloud-like 
development  outward  and  southward.  Otherwise  the  top  of  the 
formation  was  ipiite  regular,  and  there  were  no  spikes  nor  sharp 
tongues  of  llamc.  Had  it  not  been  for  the  great  brilliancy,  there 
would  have  been  little,  viewed  with  an  open  slit,  to  attract  attention. 
At  this  time  the  height  was  74".  At  2''  22'"  the  south  preceding 
comer  showed  decided  changes  in  form,  and  an  increase  in  alti- 
tude. 

From  this  time  on.  with  no  exception  noticed  of  any  imporlan(<'. 
all  the  develo))ment  was  from  this  point  alone,  a  jironouiiceil  drift 
to  the  south  accompanying  the  ascent.  The  increase  in  altitude  was 
not  nuirkcd  at  any  time  by  spikes  or  sharp-pointed  flames  of  any 
kind,  but  there  seemed  rather  to  be  an  unfolding  ami  detaching  of 
cloud-like  fonns. 

While  this  was  going  on.  the  main  body  of  the  i)rominence  decreased 
in  altitude.  Thus,  at  2''  30'",  when  the  ascending  portions  had 
reached  an  altitude  of  S(>",  the  altitude  of  the  main  body  had  de- 
creased lo  ^0',  retaining  its  outer  boundary  fairly  miiforni,  though 
the  body  itself  began  to  show  signs  of  breaking  up.  At  2''  49'"  this 
portion  was  much  broken  by  rifts,  and  it  was  ditticult  to  escape  the 
impression  that  the  material  here  was  breaking  up,  setting  toward  the 
limb  of  the  sun  and  drifting  southward  to  supply  the  outflow  which 
soon  after  became  much  more  pronomiced  and  rapid.  At  this  time 
a  small  detached  cloud  was  seen  above  the  main  part  floating  from 
the  .south,  with  little  or  no  motion  upward. 

In  the  following  talile  the  altituiles  refer  lo  the  most  elevated  por- 
tion of  the  succession  of  clouil-like  forms  which  ascended  from  the 
south  "corner"  of  that  which  has  been  referred  to  as  the  "  main  " 
part  of  the  prominence. 
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Ilulifht  111 

Ilelglil 

Ascent  per 

.■^CCOIIil  fll 

klloincleis. 

W.M.T. 

.-L'COIUlt* 

of  arc. 

in 
kilometers. 

1        II 
17 

El 

74 

53.580 

_ 

3(5 

- 

80 

62260 

8 

55 

3 

117 

84710 

20 

59 

18 

let! 

120180 

139 

0 

18 

178 

128870 

145 

1 

IS 

l!t7 

142630 

229 

3 

3 

209 

151320 

83 

6 

58 

244 

1766tiO 

lOS 

12 

0 

252 

182450 

19 

14 
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266 

192580 

84 

17 

18 

277 

200550 

40 

10 

28 

289 

209240 

67 

27 

- 

105 

76020 

- 

47 

- 

,><0 

57920 

- 

The  lluctuations  in  the  velocity  of  ascent,  often  noted  in  ■•eruptive  " 
prominences,  are  worthy  of  sjiecial  attention.  The.se  might  be  ac- 
counted for  by  a  dissolution  of  the  dond  observed  as  being  onter- 
iiKist,  or  by  an  oversight  in  detecting  the  highest  cloud. 

The  writer,  however,  believes  that  the  Muctiialions  indicated  in  the 
table  were  real,  as  doulitless  are  those  reported  by  other  observers. 
If  so,  then  the  ascending  inattcr  was  operated  upon  by  violent,  ir- 
regular forces  and  restraints  iiuile  distinct  from  those  operating  in  the 
neighborhood  of  the  chromosphere  and  determining  the  velocity  at 
lower  elevations.  At  3''  7"'  the  obliipiely  asceuiling  column  consisted 
entirely  of  detached  clouds. 

In  taking  the  transit  at  3''  19'",  nothing  whatever  wasseen  for  one- 
third  the  distance  between  the  most  elevated  portion  and  the  limb  of 
the  sim.  After  this,  nothing  was  seen  save  an  irregular  mass  al- 
[  tached  but  slightly  to  the  siui.    No  observation  was  made  after  3''  47'". 

The/o)-»!  of  the  ascending  column  and  the  fact  that  the  develop- 
ment was  wholly  from  one  "  corner  "  of  the  main  part  of  the  promi- 
nence, while  this  part  for  a  time  at  least  decreased  in  altitude,  seem 
I  somewhat  out  of  harmony  with  the  theory  of  matter  ejected  violently 
from  the  sim. 

Of  course  it  is  possible  that  two  prominences  were  observed,  lying 
in  nearly  the  s.ame  line  of  sight,  luU  this  would  ofTcr  only  a  partial 
explanation. 

The  form  of  the  prominence  so  engrossed  the  attention  that  no 
studv  was  made  of  the  reversed  lines. 


COHIIECTION    TO   THE    CONNAISSAXCE  DES   TEMPS. 


Au  error  of  one  minute  in  the  right-ascension  of  j--  Saijittarii  has 
been  reproiluced  every  year  since  the  introduction  of  the  star  into  the 
list,  in  1889,  and  has  not  been  corrected  in  the  list  up  to  1897. 

Mt.  Hamilton,  1805  July  18. 


The  right-ascension  should  be  diminished  by  one  minute  :  for  1895 
it  shoiUd  be  17''  59'"  3",  in  place  of  18''  C"  3\ 

l{.  n.  Ti(  KKii. 
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THE   GREAT   INEQUALITY  OF  JUPITER  AND   SATURN, 

By  EDGAR  ODELL  LOVETT. 


The  Great  Inequality  of  Jupiter  and  Saturn  is  a  long- 
period  inequality  depending  upon  the  difference  between 
twice  the  mean  motion  of  Jupiter  and  five  times  that  of 
Saturn,  in  virtue  of  which  the  line  of  conjunctions  slowly 
advances,  and  the  planets  return  to  their  original  configura- 
tions after  periods  of  about  9L'9  years. 

As  early  as  1625  Kepleb  remarked,  on  comjaaring  the 
observations  of  Tycho  Brahe  with  those  of  Ptolemy,  that 
the  observed  places  of  Jupiter  and  Saturn  could  not  be 
reconciled  with  the  admitted  values  of  their  mean  motions 
( Kejderus et  Berneggerus,  Epis'tolae mutuae,  p.  70 ;  12°  Argen- 
torati,  1672;  sdso,  Kej)lerus,  Opera  VI,  p.  617, 1866).  The 
errors  of  both  planets  were  found  to  increase  continually  iu 
the  same  direction,  with  this  difference,  that  the  tables 
made  the  mean  motion  of  Jupiter  too  slow,  and  that  of 
Saturn  too  rapid. 

In  his  memoir  on  the  aphelia  and  eccentricities  {Phil. 
Trans.,  1676,  p.  68.3)  Halley  was  led  to  the  belief  that  the 
anomalous  irregularities  of  the  two  planets  were  due  to 
their  mutual  attraction.  He  also  attempted  to  determine 
the  magnitude  of  the  inequality  for  each  planet,  and  con- 
cluded from  his  researches  that  in  2000  years  the  accelera- 
tion of  Jupiter  amounted  to  3°  49',  and  the  retardation  of 
Saturn  to  9°  16'.  Iu  his  tables  of  the  jdauets  he  represented 
the  errors  by  two  secular  equations,  increasing  as  the  square 
of  the  time,  the  one  being  additive  to  the  mean  motion  of 
Jupiter,  and  the  other  subtractive  from  the  mean  motion  of 
Saturn  (see  Grant's  Historij  of  Physical  Astronomy,  pp.  47 
et  seq. ;  and  Houzeau's  Vade-mecum  de  V Astronomie,  §  246). 

By  comparing  tables  made  at  different  epochs.  Flam- 
steed  confirmed  the  opinion  that  Juijiter  was  being  steadily 
accelerated,  and  Saturn  retarded  (Flamsteed,  J.,  E.tact 
Account  of  the  Three  Late  Conjunctions  of  Jupiter  and  Saturn, 
London  Phil.  Trans.,  1685,  p.  244). 

The  most  startling  conclusions  were  drawn  from  these 
variations  in  the  planetary  motions.  It  was  known  that 
"when  the  angular  velocity  of  a  body  increases  from  century 
to  century  it  must  be  approaching  the  center  of  motion ; 
on  the  other  hand  a  diminution  in  this  velocity  woidd  indi- 
cate a  recession  of  the  planet  from  the  sun.     Hence  it  was 


inferred  that  the  solar  system  would  in  the  coiase  ot  ages 
lose  two  of  its  most  prominent  members- — that  Jupiter 
would  fall  into  the  sun,  while  Saturn  would  be  driven 
away  into  the  depths  of  space.  Eclek  and  Lageanue  had 
searched  in  vain  for  the  cause  of  the  anomalous  behavior 
of  Jupiter  and  Saturn,  which  appeared  to  be  inconsistent 
with  the  law  of  gravitation ;  but  in  their  researches  they 
had  neglected  terms  of  the  perturbations  depending  upon 
the  cubes  and  higher  powers  of  the  eccentricities.  In  1785 
Laplace  discovered  from  other  considerations,  that  if 
we  assume  an  acceleration  of  Jupiter  a  retardation  of  Saturn 
will  necessarily  result,  and  that  in  the  very  proportion 
observed;  hence  he  set  himself  to  examine  the  terms  de- 
pending on  the  cubes  of  the  eccentricities,  and  at  once 
encountered  the  argument,  5n't  —  2nt  + const.  Taking  ac- 
count of  the  fact  that  five  times  the  mean  motion  of  Saturn 
is  nearly  equal  to  twice  the  mean  motion  of  Jupiter,  and 
that  in  virtue  of  the  double  integration  for  the  perturbation 
in  longitude,  these  terms  are  affected  by  the  small  divisor, 
5n'—2n,  in  the  second  power,  he  did  not  hesitate  to  con- 
clude that  the  long  inequality  depends  on  terms  having  this 
argument.  Computation  at  once  confirmed  this  hypothesis, 
and  made  known  the  cause  and  law  of  the  great  inequality. 
From  the  nature  of  the  cause  thus  made  known  Laplace 
immediately  perceived  that  there  would  arise  in  other  parts 
of  our  system  similar  long  inequalities  depending  on  near 
approach  to  commensurability  in  the  mean  motions.  In 
the  Mecanique  Celeste  and  subsequent  works  on  Physical 
Astronomy  these  long-period  inequalities  have  been  de- 
termined. The  explanation  of  these  long-period  pertur- 
bations by  the  law  of  gravitation  was  justlj-  regarded  by 
Laplace  as  one  of  the  strongest  proofs  of  the  exactness  of 
this  law.  The  theorems  relative  to  the  stability  of  the 
eccentricities,  inclinations,  and  major  axes  of  the  planetary 
orbits  previously  enunciated,  could  of  course  be  regarded 
as  valid  only  after  the  discovery  that  the  long-period  in- 
equalities result  from  the  theory  of  universal  gravitation. 

The  principal  coefficient  of  the  great  inequality,  as  it 
affects  the  mean  longitude  of  Jupiter,  has  been  determined 
as  follows: 

(113) 


114 


THE     AS  T  R  O  N  D  .M  I  C  A  L     J  ()  U  R  N  A  L  . 


N"-  351 


1785.     Laplace  (Me'moires  de  VAcademle  des  Sciences, 

17So.  p.  33;   continued  in  the  volume  for  17SC) ;    Epoch 

1750. 

1249".5-0".047233^ 

1789.  Dklambke  ( Tuldcs de  Jupiter  et  de  Satiii-ne;  Paris). 
The  value  of  the  ineijuality  as  given  above  by  Laplace  is 
repeated,  except  that  the  coefficient  is  stated  ll34'.»".l;"). 

1799.  Bi'KCKH  ARDT  (  Voii  Zdch.  Alkji'meiiu'  i/c'igrdphiic/ie 
Ephemerideit,  8°,  Weimar,  vol.111,  p.  401);  Epoch  1750. 

1802.  Laplace  (Laplace,  Mec.  Cel.,  Ill ;  book  VI,  ch.  XII, 
no.  33);  Epoch  1750. 

12(35".25  -  0".04GS  t  +  0".0000;57 1-  ! 

1808.  A.  BoivARD  {Xouvelles  tables  de  Jupiter  et  de 
Saturne;  4°.  Paris) ;  Epoch  1800. 

1203".68  -  0".0327  t  +  0".000036<- 

1821.  A.  Boi'VARD  {^T(d)les  astronomiques  contenant  les 
tallies  de  Jupiter;  4°,  Paris)  ;  Epoch  1800. 

1186".(>19  -  0".03470^  +  0".0000334  f' 

1831.  Haxsex  (^Uutersueh.  der  gerjeiiseitiijen  Stijrunr/en 
des  Jupiter  uud  Saturns  ;  4°,  Berlin).  The  results  of  Hax- 
SEX  are  not  given  in  this  table,  since  his  computations  are 
given  under  a  different  form,  and  the  numbers  will  not  be 
directly  comparable. 

1834.  F.  T.  Schubert  (^Traite  d'Astronomie  theorique ; 
t.  III.  p.  422);  Epoch  1800. 

1183".  -  0".047108 1  +  0".00000G63  f 

1834.     PoNTtcoULANT  {Theorie  anali/tiqtie  du  Systhne 
du  Monde.  t.III.  p.  450;  4  vol.  8°,  Paris)  ;  Epoch  1800. 
11S7".247  -  0".04845 1  +  0".00(»0022G  t- 

187(5.     LeVerrier  (Ann.  de  I'Ohs.  de  Paris,  XII,  33)  ; 
Epoch  1850. 
1205".9(;  -  0".05536?  +  0".00009577i(-+  0".00(KK)()()()5()1 1' 

1890.  Hill  (A  New  Theory  of  Jupiter  and  Saturn,  Astron. 
Papers  of  American  Ephemeris  and  Nautical  Almanac,  vol.1  V, 
Washington,  1890).  The  method  of  Hansen  is  used.  Dr. 
Hill  has  reduced  LeVkukikk's  coefficient  of  the  ineipiality 
of  Saturn  to  Hansen's  form,  and  finds  it  larger  than  his 
own  l)y  3(;".95. 

In  all  these  previous  determinations  of  the  great  in- 
equalities the  aim  has  been  to  present  them  in  the  form 

(^;"'+JJ»<+^f>#2+ ...)  sm{ol'—2l) 

+  (Afi+Al'H+A^H-+...)  cos(rjl'-2l) 
Some  time  ago  Dr.  G.  W.  Hill  proposed  that  the  inequali- 
ties be  developed  in  a  form  which  does  not  involve  t  in  the 
coefficients,  and  suggested  the  method  of  treatment  adopted 
in  this  paper.  Accordingly  tlie  writer  desires  to  record  his 
great  indebtedness  to  this  illustrious  geometer.  Acknow- 
ledgements are  also  due  Professor  Stone  for  his  interest, 
enthusiasm,  and  helpful  suggestions;  to  Dr.  T.  J.  J.  See, 
for  a  critical  examination  of  the  manuscript ;  and  to  Mr. 


H.  Y.Benedict,  for  computing  some  of  tlie  deviations  in  the 
last  of  the  appended  tables. 

The  periodic  terms,  that  is,  those  depending  on  the  mean 
longitudes  of  the  planets,  result  from  the  integration  of 
differentials  of  the  form 

in'Z  ;•;«(,•'/'  +  //  +J'n'  +J7T  +  /.■'(?'  +  /.•  6)  (1) 

where  m'  is  the  mass  of  tlie  jierturbing  body;  Z  o.  funt^tion 
of  the  eccentricities,  inclinations,  and  mean  distances  of 
the  two  planets ;  I,  V  the  mean  longitudes  of  the  planets ; 
w,  w'the  longitudes  of  their  i>crilielia;  6,$'  the  longit\iiles 
of  their  nodes;  i,J,/'\  integral  numerical  coefficients  sub- 
ject to  the  condition 

/•+  i'+J+J'  +  Zc  +  k'  =  0 

The  coefficient  Z  is  of  the  form 

Ae'e-''<f''V'"'{^  +  -h''"+Ae'''  +  ---)> 
in  which  the  ,1s  are  functions  of  the  mean  distances  only; 
while  the  circular  fumtinu  of  wliicli  it  is  a  coefficient  may 
be  put  in  the  form 

'^(Jn+J'n'  +  /.-e+J.'e')  cos{i'l'+!l) 
±  co', (>+./'"' +  /'-^+/''^')  sin(/7'+//) 
By  the  integration  of  these  e(mations,  as  effected  hereto- 
fore (see  Nkwcomu's  General  Integrals  of  Planetai'y  Mo- 
tion, Smiths.  Contrib.,  p.  281),  the  different  elements  are 
developed  in  powers  of  the  time,  and  we  are  thus  led  to 
expressions  of  the  form 

{a  +  n't  +  a"t-  + . . .)  l^^  (i'l'  +  it) 
Xow  it  is  well  known  tliat,  if  we  neglect  quantities  of 
the  third  order  with  respect  to  the  eccentricities  and  incli- 
nations, the  integration  of  the  equations  which  give  the 
secular  variations  of  those  elements,  and  of  the  longitudes 
of  the  perihelia  and  of  the  nodes,  leads  to  the  general  ex- 
pressions 

n 

e%\\\n  =  2'iV,  sin(jf,<+jS,) 


(2) 


e  cosn  =  2  N,(iOs{g,t  +  ^) 

0 

fsu\6  =  i"J/.  sin  (/.•,/  + A',)       I 
c'cos^  =  2'7l/,  cos(/;,i(  +  d',)        I 

0 

A"+l  being  the  nundjer  of  the  planets  ;  N^,  M,,  _f/,,  /.-,  being 
functions  of  the  eccentricities  at  a  given  ei)Och,  and  of  the 
mean  distances ;  while  ^^  and  i^  are  angles  depending  upon 
the  positions  of  the  jierihelia  and  nodes  at  the  given  ejioch. 
If  we  expand  (1)  in  terms  of  e  siujr,  e  cosir,  etc.,  sub- 
stitute the  values  of  e  sinir,  e  costt,  etc.  from  (2),  and 
integrate  the  resulting  expressions,  we  come  upon  terms  of 
the  form 

Cs\n{i'l'+il+kt  +  u)  (3) 

in  which  C  and  u  are  absolute  constants,  and  t  appears  only 
in'the  argument  of  the  sine  or  co.sine. 

A  precise  determination  of  the  long-period  inequ.alities 
of  Jupiter  and  Saturn  by  the  above  substitution  would  be 
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quite  lengthy  and  more  elaborate  than  the  fdriuula  (2)  will 
warrant.  A  first  appniximation,  however,  is  free  from 
these  objeetions. 

Accordingly,  we  may  put  in  (2)  the  value.s  of  the  con- 
stants iV,,  ffi,  p'o  Ml,  etc.  for  the  solar  system  as  develo])ed 
from  the  investigations  of  LkVeuuiek  or  Stockwell,  and 
thus  take  into  consideration  the  perturbations  of  all  eight 
planets,  but  only  to  terms  of  the  first  order  of  the  masses, 
since  expressions  (2)  lose  their  simiile  form  when  higher 
powers  of  the  masses  are  taken  into  account;  and,  for  a 
more  practical  reason,  since  Stockwell's,  the  last,  determi- 
nation of  the  constants  N^,  etc.,  includes  only  terms  of  the 
first  order.  It  will  be  seen  from  the  sequel,  that  when  new 
values  are  given  to  the  constants  N^,  g^,  fj,,  etc.,  so  as  to 
include  higher  powers  of  the  masses,  a  rigorous  determina- 
tion of  the  inequalities  to  any  degree  of  approximation  may 
be  readily  obtained,  by  substitution  in  the  forms  of  the 
approximation  reached  by  this  process. 

Assuming  Hill's  elements  of  Jupiter  and  Saturn  (Neu- 
Theorij  of  Jupiter  and  Saturn.,  p.  19),  LeVerkiek's  expan- 
sion of  the  perturbative  function  in  terms  of  the  form  (1) 
{Ann.  tie  VOhs.  de  Paris,  t.  X,  pp.37  etseq.),  Stockwell's 
values  of  N.,  <j.,  M^,  etc.  in  {'2)(Meni.  on  See.  Var.,  Smiths. 
Contrih.,  p.  232),  it  is  proposed  to  determine  the  variation 
of  the  mean  longitude  of  Jupiter,  and  also  of  that  of  Saturn, 
to  terms  including  the  first  powers  of  the  masses,  the  second 
powers  of  the  inclinations,  and  the  third  powers  of  the 
eccentricities. 

LeVekrier's  notation  is  used  where  it  is  not  stated 
otherwise. 

The  values  of  the  elements  and  masses  as  used  by  Hill 
are  as  follows  (see  Neio  Theory  of  Jupiter  and  Saturn, 
pp.  19-20)  : 

Epoch  1850,  January  0".0,  Greenwich  M.T. 


Elements   of  Jupiter.         Elements   of  Satu 


rn. 


L   =   159  56  26.60 
n  =     11  56     9.33 
6  =     98  56  19.79 
p  =       1  18  42.10 
e  =  0.04824277 
n  =   109256".55563 

L'  =     14  49  34.04 
„'  =     90     6  46.22 
6'  =   1V2  20  49.05 
<f'  =       2  29  40.19 
c'  =  0.05605688 
n'  =  43996".07844 

Masses  of  the  Eighi 

r  Principal  Planets. 

Mercury,        m    =    ji^^Jj^^ 
Venus,           fu'  =    555L^_j 
Earth,             m"  =     ^^^.^^ 
Mars,              «'"=    35^^j^iy 

Jupiter,         w'^'=  tctA.sttf 
Saturn,          m-'  =     ^^i  ^^ 
Uranus,         w."  =     ^-^J^j, 
Neptune,        ;«™=     ^^^^^ 

For  the  periodic  part,    a'  R^ 

,,  1,,    of  the  perturbative  func- 

tion  we  have 

a'-ff,„,i,    =   He''e''''rf(ios{ol'-2l  +  l-'m'+kco  +  UT') 
where 

h  =  0,1,2,3;     A'  =  0,1,2,3;      /=  0,2;      h+h'  +  f=  3 
^'=-1,— 2,-3;  A-=-l, -2,-3;  (/  =  0,-2;/-'  +  /,-  +  «  =  _3 


Putting   V  for     5/'— 2;.,     the  following  are  the  terms  to 
be  considered : 

H.e'^    cos(F-3w)  (I) 

H„e'^e'cos{V-m'-2,.))  (II) 

H^ee'-^(ioslv-2m'-io)  (III) 

i/4«"cos(F-3!B')  (IV) 

II^e,f  qos{V-^-2t')  (V) 

.^„eVcos(F-w'-2T')  (VI) 

where     co  =  ro  +  r'— t. 

T  and  t'  are  determined  by  means  of  the  following  for- 
mula (see  Ann.  de  VOhs.  de  Paris,  t.  X,  p.  15) : 


,sin,.,sinr    _  _       _  ,^,,^._^,^  taiV 

2  cos^ 


COSif  COS(p 

sin )'  COST 


-,   =  p-jy'+2iiuy' 


ainie-O')  cos^ 


c  ttin  c' 
•,   =  q-'l'-'2  sin--  —-^  sm(e-  e')  sin  0 


(4) 


COSp  COSp'  *        *  ZCOS^ 

together  with  two  expressions  involving  t'  similar  to  the 
above,  and  written  therefrom  at  once  by  luitting  cos  $', 
sin^',  <f,  9'',  in  place  of  eos^,  sin  0,  y',  y,  respectively. 

With  the  assumed  elements  these  relations  give  t' — t  = 
23".88,  a  small  quantity  which  may  be  neglected  in  the 
present  discussion ;  an  assumption  that  will  simplify  to  a 
great  extent  the  expanded  forms  of  (I) -(VI). 

Put     /(    =   esinm   =   psinw   =   .1'  N^ainii/^t+^i) 


h' 


c'sinn;'=   (■'sinto'=  2:  N/ sm(</,t  +  ii,)      (5) 


u   =   ecoss5  =   e  coso)   =   J,' i\"  cos(y,^+(J,.) 

0 

7 

«'=   e'cosnj'=   e'cosw'=   2"  iV7cos(r/,.f  +  ^,) 

0 

then        e-=   h-  +  u-  =   2'''NiSm(rj,f+ii,)+hN,cos(g/+ii;) 


e'^=   h'-  +  u  '-= 2^iV;/  sin  (^/  +  p\)  + 1"''  N/  cos  (;/,t + p\) 
Expanding  and  substituting  from  the  above,  we  have 
e'cos(F— 3oj)    =   e'(cos3cocosF+sin3wsin  F) 

=   e'(cos'(B— 3  siii'^co  cosoj)  cosF 

+  e''(3sinMcos''w— sin^o))  sin  V 
=    (u^-3h^u)cosV+{3hu^-h^)  sinF 

=     ■]  i « .A';. cos (;/, t  +  ^,)-3hN,  sin( ;//  +  A) 

(     0  (I 

i'iV;.  cos(ff,t+d,)   '-  cos  F 

0  ) 

+  \3  2:N,  sin{q,t  +  8,)  h  N,co»{ri^t  +  A) 

(  0  0 

-i-'iV;.  sin(r/,;'  +  p',)  [•  sinF 

0  ) 

This  last  form  may  now  be  expanded  by  means  of  the 
product 

which  product  is  seen  to  include  as  particular  cases, 
2''iV;  cos(-7,.r'+p\),  i-=  N,sm{i/,t+^;),i: NiCos{gf+^:),  etc. 

0  IP  0 

Collecting  the  terms,  after  the  expansion,  the  above  ex- 
pression assumes  the  following  convenient  form  : 
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e'cosC  J^-3w)  =  i-37cos(r-39,7-3/J,) 

0 

0  n 

+ G i X, i -V, i .^'. cos( r- g,,, t - ^^,),  i±j±k 

0  0  0  • 

wliere,  for  brevity,  <7y,  =  f/t+i/j+ff,,,  ^y*  =  ^,+ft+(J» 
N,n  =  yiNjX^.  It  should  be  noted  that  g„,j  in  these 
al)lji'eviations  is  equivalent  to  ^o+.'/i  +  y^)  and  not  to 
2ij,  +  'j  :  hence  if  the  same  subscript  occurs  more  than  once 
it  sliould  be  repeated  and  not  given  as  a  numerical  co- 
efficient. 

Hy  writing  X'  in  place  of  -V  in  the  above  we  have  at 
once  the  transformed  expression  for     e"  cos(F— 3a)'). 

Similarly, 
eV  cos  C  V—tB'—-a>) 

=  eV[cos(nj'+2o))  cos  V+  sin(a>'+2o))  sinF] 

=  e^e'(2  cos-o)  costs'— cos  n'  — 2  sin  to  cos  <u  sin  a>')  cos  V 
+  e*f'(2  cos'^o)  sinoj'— sinni'+2  sin  to  cosco  cos  id')  sin  V 

=   [2«V-(A^+«^)«'-2/h(/(']  cos  V 
+  [2t(Vi'-  (li^+ii^)  h>+'2  hiin']  sin  V 

=   («V-/tV-2/iH/t')cos  V+  (irh'-h-h'  +  2  hiiii')  sin  V 

=    -^  j-  X,  (•os(y/+(J,)  i:X/cos{t/J+^,) 

(     0  0 

-  y-  ,V,  sin(y/+jj,)  Lvj'  cos{f/,t  +  ^,) 

0  0 

-  2i:.>';.  sin  (j/,«+^,)  i:.y.  cos(^,#+ii..) 


+  -]1'-X,  cos(sr,<+i5,)  i  A7  sin(i/,<+(J,) 

(     0  0 

-  i-^  .^^.  sin  (r/.^+p',)  i'AV  sin(</,/+,3,) 

0  0 

+  2J:X,  sin(^.<+|^,)  ix,cos{'j,f+§i) 


2:  X,  sin {g,  t  +^,)  [  cos  F 

0  ) 


£  X,'cos{ffit+^i)  UinF 


JVand  iV  in  the  above  expression.  It  will  also  be  noted 
tliat  omitting  the  primes  in  (II)  we  obtain  (I),  and  using 
primes  tliroughout  we  obtain  (IV).  This  is  an  independent 
check  on  the  expansions,  and  might  have  been  expected, 
since  in  the  original  forms  (11)  and  (III)  become  (I)  or 
(IV)  according  as  we  use  jjrimes  not  at  all  or  altogether  in 
their  expressions. 

It  now  remains  to  develop  (V)  and  (VI)   in  a  manner 
similar  to  that  followed  in  the  development  of  (I)  — (IV). 

Expanding  we  have 
ev''cos(  r-fo-2T')=  e;/^[cos(o)  +  2T')oos  F+sin(a)  +  2T')sin  ['] 
=  e//-(cos  (rf  cos  2t'— sino)  sin  2t')  cos  J' 

+  ei'/''(sino)  cos2t'+coso)  sin2T')  sin  V 
=  („/■_/„/)  cos  V+  {hf+  lid)  sin  V 
where     rf  =  »^''sin2T',     and    /  =  r,'^  cos  2t'. 

Putting     tanv'  sin  S  =  />  =  !'  .1/,  sin (/.•/  + ^,) 


tan  f  cos  ^  =  y  =  2"  J/,  cos(/,-,^  +  d',) 
tanc''sine'=  p' =  1'  M/ su\{k,f  +  fi,) 


[       (C) 


tan  c- '  cos  6'  =  '/ '  =  2'  M/  cos  ( /.-,  (■  +  <\ ) 
ti 
and  neglecting  terms  of  higlier  order,  equations  (o)  become 


sinr  siut    =  p—p 


I 


(7) 


and 


=  2  -  vjv:2:  Xj£  X,  +  sx,i:  x' i:  x, 

i    "  (+1  (+2  _      0      _    1+1  i+2 

+  2:X,2:j k  X;  \  cos(  V-g,j,-^,.,) 

0  _        /H       i+2  ) 

(         0  j+l  0  i+I  ) 

+  \  2zx,k  XjX;  +  l.v/i  N/\cos(V-g,j-ii,j 

K  0  i+1  0  (+1  ) 

+  kx,'X;cos(r-g,,,-^,,) 

0 

Omitting  the  Hs,  (II)  becomes  (III)  by  interchanging 

=  iii-^;cos(//,i+^.)  fi-^  w,cos(k,t+?,)  -  tnTrsm(/.;f+d,) 

(.0  11  (I 


sin  J- cost'  —  '/  —  '/'      ) 

whence         sin^  j-  sin  t'  cos  t'  =  h  si"'^  j'  sin  2t' 

=  2  sin^  I  j'(l-sin^  J  J')  sin2T' 

=--  2T,2(l-r,2)sin2T' 

=  {p-p')(q-q') 
...  ,-^sin2/  =  ^J^^K,^  =  K/'-y)(7-'y')  =  d 

In  like  manner 

sin''r(co.s^T'-sin^r')   =   (>/-'/')'— O'-p')^ 
4^,^(1 -V)  cos 2r'  =   (,i-,jy-(p-2>'y 

„  ,  _   {'l-'l'f-iP-P'l 


or 
whence 


7/COSL't' 


4(1 -r,=) 

=  \i('i-'i'y-{p-p'y-'\  =.f 

Then 

=  //^sin2T'  =   h{p-l''){q-'l') 

=   ii'  IF..  sin(/.-,7  +  5,)  l  JFiC0s(A;,.i!+8,) 

/  =  ,/^cos2r'  =  \{{q-qr-{p-p')'} 


where  ^    W,  =  31,- M/  "^ 

whence  er/^cos(F— w— 2/)  =  (»/-/( rf)  cos  F+ (/*/'+ "f/)sin  F 


ii^X,  sin(-/,. <+(},.)  V  w,  sm(kit+d,)  2  W,cos(k,t  +  8,)     cosF 


+ 


\ii:X,sm(g,t+ti,) 

I  0 


2 '  W,  cosfk,  f+s;)  -  Z'^Wf  sin  (/.-,  t  +  ti,) 

a  '  0 

+  .1  2"  jy;  cos(g,t+^)  2  W,  sm{k,t+S^ Z  W, cos(k,t+8,)  \  sin F 

'     "  0  0  ) 


N"-  .-^Sl 
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*      i    „         '  0  )       (      II  I)  ) 

-i  ■!  Ia^.  siii(r/,/+pr)  cosF-  kN^c.osO/^t+d,)  sinF  '-  -J  1  fV,sin(k,t+8,)  1'  W, cos {k,t  +  S,)  [- 


(T 

Expanding  and  reducing,  tliis  last  expression  becomes 
tlie  following,  a  form  easily  checked  by  comparison  with 

the  expansion  of  fi'",- '',)(i'«.^/Y- «/''."  ]  and  convenient 

for  the  numerical  computation  of  its  several  terms : 

er/-  cos(  F—  M  —  2t') 

=  i^N^k  IVj k  TF.cos { F-  (j/ ,- /o-  f'\)t- (ii-^- Sd) 

0  12 

+ikw,3:Njk  rv,cos{v-(ff-k,-k,)f-(^-s,-d,)} 

0  12 

+  ]ii  ir.J:  jr,li\r,cos{F-(f/.-/.',-/.-,y-(p\-fi-e,)} 

0  12 

+  hkN,k  ir,  i-  A^,  cos  { F-  (£/.-  /.-,-  /o) '  -  ((i-s-s,)} 

11  IJ  1 

+  i  ii^^i  ir/cos{F-(?,-2/f,)  t-(^-28j)} 

0  1 

+  i  ±  TF,^  i-  AT. COS  {  F-  (?;-  2/.-,)  f-(^j-  25,.)} 

J  1 

+  i  i  If?  i:  2/,  COS  {  7-  ((/, - 2 A-..)  C -  (fJ; - 2i\) } 

C  0 

e'/f  cos(  F— 0)— 2t')  may  be  transformed  in  like  manner, 
and  the  resulting  expression  differs  from  the  above  only  in 
that  N'  takes  the  place  of  N. 

(I),  (II),  (III),  (IV),  (V),  (VI)  have  now  been  replaced 
by  a  series  of  expressions,  sixch  as 
(8)  i2"/7cos(F— si— d) 

where  H  is  the  numerical  factor  of  the  perturbative  func- 
tion; 77  a  product  of  A'^s,  Ms  and  Ws;  s  a  sum  or  differ- 
ence oi  ffs  and  ks;  d  a  sum  or  difference  of  /3  s  and  5  s. 

It  may  be  remarked  that  I,  II,  III  and  IV  have  the  same 
arguments,  s  and  d,  and  that  VI  has  the  same  arguments 
as  V.  Hence  it  is  possible  to  add  the  coefficients  of  I,  II, 
III,  and  IV  that  correspond  to  the  same  arguments,  and 
thus  reduce  the  number  of  terms  in  the  series  to  one-fourth 
its  present  magnitude.  The  same  is  true  of  V  and  VI,  and 
the  number  of  these  terms  might  be  reduced  one-half.  But 
in  view  of  an  indfependent  check  on  the  numerical  work 
afforded  by  a  direct  comparison  of  the  results  with  the 
integrals  obtained  by  LeVerrier's  theory  (Ann.  cle  I'Obs. 
de  Paris,  t.  X,  pp.  108,  et  seq.),  the  identity  of  I- VI  will 
be  preserved  throughout.  It  will  also  be  noted  that  H,  TI, 
s,  and  D  are  constants. 

In  order  to  be  as  nearly  as  possible  consistent  with  the 
notation  of  LeVerrier  {Ann.  de  V  Ohs.  de  Paris,  t.  X,  p.  104), 
put 

F-sf-D   =  D  , 


m'a 


=   B 


Also,  let  us  put, 

d-A  m'a  II-  (^^,,,.1) 


=    +  673rt- 7/77  sin  Z* 


dA 
It 

d0 

lit 


dli,, 


da 


-2  Bna'^—n  COS  D 

da 


Q>) 


=  tan  \  4' 


dF 


+  taii  14' 


■  cos  4' 


dB,, 


=   +tan  ^  4'  cos  4'  liBn 
cos  4' 


de 

Tin 


su\4' 
linBHUcoslJ 


cos  If 


dG 

~dt 


(IT 
~di 


1+COS^' 

=   hriB  Hn  cos  D{^-},e"-  +  .. 
=    hh  nBHn  cos  D 
m'un   cos^y  dli„ 


•■(11,1) 


cos  4' 


</,; 


/i?C0Sir      jr      ,   \  r,t 

'—, —  nHei/~^  cos  D' 


2  cos  4' 


2/1   cos  4'  cos  ),  y  /, 
uB 


nHer/-^  sini>' 


i'^) 


(d) 


(«) 


2  cos  4'  cos  ^  J' 

in  which  /  =  0,  2  and  u  =  0,  -2.  The  7)' in  (d)  and 
(e)  is  LeVerrier's  D.  These  last  two  expressions  will  be 
taken  up  later  and  reduced  to  their  equivalent  forms. 

The  differential  equations  to  be  integrated  for  the  vari- 
ation of  the  mean  longitiule  of  Jupiter  are 

d"-p  _   dli 

d?   ~   'dF' 

dt 

di. 

tan  i  If  sin  tr     -  ,  and  sin  <f  —  =  G  cos  (t—  6') 


dA    ,d(P        dMf 
~df        Hi         dt 


where     --   ™..  ,  ,  ,  ^^^,. ^^^ 

4-Tsiu(T— ^),     to  terms  of  an  order  not  higher  than  the 
third. 

Integrating  («),  (h),  ('•)  we  have 
6Bn' 


A  = 
A  = 
(p  =    + 


(5n'  —  2n—sy 

2Bii  dH    .     ^ 

r    ,      o *-7~  **^"-^ 

ow  —  in  —  s       da 


hBn 


II n  sin  I) 


2(5/('-2«-s) 

The  integrals  of  ((/)  and  (e)  in  their  present  form  give 
rise  to  terms  containing  c//.  It  is  necessary  to  transform 
them  to  corresponding  forms  in  which  eij  and  e'lj  are  not 
allowed  to  appear.     This  is  most  conveniently  done  at  this 

SjiQ 

point,  since  G  and  T  occur  in  sin  (f  —  ,  and  after  substi- 
tution the  latter  is  readily  reducible  to  an  equivalent  form 
c7777  sin  I). 

It  will  be  noticed  that  the  numerical  coefficients  of  the 


.   ^        ^       .     dG       ,dT 

integrals  oi     ^—  and  —f- 
dt  df 


are  the  same  to  terms  of  the 
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*  = 


third  order,  and  that  G  contains  sin  />'  as  a  factor,  while 

T  contains  cos  D' ;  hence  we  may  write 

*  =  tan  i  v  sin  f  ^^  =  ^'  *»"  i  V"!^  cos(t-  0)  +  T su\(t-  6)} 

=  iJ'  tan  i  v'  <•';  s'"  1' 
remembering  that  /''  =  I'—  w  —  2t, 

and  putting  V—w  —  t—0=   1 

Tlieret'ore, 
*=  H"  ['/(?-'/) -M/'—i"')]— ''[/'('/-'/)+ 'Ky> -^'')]}  sin  F 

-il''r'/(7-'/)— i'(/'-7^')]  +  ''[y'('?-'/)  +  '/(i'-y).l}cosF 
because  of  the  rehitions  (7),  and  the  smallness  of  v  and  y, 
by  virtue  of  wliich  we  may  put  tan  y  =  2  tan  i  y  and 
sin;'  =  2sin.\v.  Substituting  for  j>,  <j,  li,  and  »  their 
values,  we  have,  finally,  (^  ^0 

4(Ow'— ^H— S)  VoOO  0  00/ 

sinj  F-(/,  +  A-,+^.)-(fi,  +  fl,+fi.)|  =  4(5„.^2n+s)^^^'"^ 

where  the  II  is  the  H  of  (V),  and  /7  and  D  are  character- 
istic of  (VII)  itself.  By  writing  N'  in  place  of  N  the  cor- 
responding expression  in  which  e'r,  occurs  is  given ;  it  is  of 
the  same  form,  and  differs  only  in  that  its  H  is  that  of 
(VI).  It  will  be  referred  to  hereafter  as  (VIII).  The 
symbols  (VII)  and  (VIII)  are  here  made  to  do  double 
service  —  thej'  refer  to  both  the  unintegrated  and  the  inte- 
grated forms.  This  is  done  to  save  space.  These  insig- 
nificant terms  have  already  taken  undue  space,  but  are 
essential  to  the  completeness  of  the  theorj-. 

Finally,         81  =   8p  +  Sc  dt  =  A+<P  +  <if 

Sp  =   dA  ■■■  SI  =   SA+A  +  (/J  +  ^ 

Putting         A    =  ■2:L  sin  I)  'P  =  ZP  sin  D 

A  =  2,"CsinZ>  *   =  2:QsmD 

the  values  of  the  several  integrals  whose  sum  gives  81  are 
given  in  the  tables  at  the  end  of  this  paper  in  the  columns 
headed  L,  €,  etc. 

To  determine  IV  we  have,  if  JB'   =    —r,v=—  (Ann.  de 

H  n 

VOhs.  de  Park,  t.  X,  p.  143), 

a'R^,,„   =   //'e»e'»'.;^cos(5Z'-2;.  +  /.'in'  +  /.w  +  «T') 

'a'  =  f[-^-^Y^--rdf^ 

=     -l^^i/.n.sini) 
(o«'— 2»— s)" 


+  2B'n     (    dH'  ,   „,N  „    .    r^ 


(P 


♦'  = 


^-h<B'n 


B'n 


4(5«'— /«  — s) 


5n'-2i 
H'n  aniD 


H>n  sin  D 


I       In  these  expressions  for  A  ',  A ',  (I>\  and  *'  the  /7s,  Ds, 
1  and  ss  are  the  same  as  those  that  occur  in  the  correspond- 
ing terms  of  A,  A,  etc.     A  and  A'  differ  only  in  having 
different  7/s.     The  same  is  true  of  A  and  A ',  etc. 

AVe  have,  as  before,  ■. 

81'  =  A'  +  A'+(I>'  +  ^'. 

Putting  A'  =   27.' sin /^  </>'   =    lJ"s\u/> 

A'  =  It"  tiinJ)  >!''  =  iQ'aiuJ) 
the  value  of  8/'  may  be  written  from  tlie  tables  at  the  end 
of  the  paper,  where  under  the  columns  headed  //,  C',  etc., 
will  be  found  the  values  of  its  several  terms.  The  tables 
include  all  terms  whose  coetticients  outside  the  sine  form 
are  equal  to  and  greater  than  ()".0()()5. 

We  have  now  SI  =  -  C,  sin(  F— k,^— k,) 
81'  =  2-C/sin(F-K,V-«,') 
in  wliich  the  Cs,  C's,  ks,  k's,  « s,  and  «'s  are  constants, 
and  F  varies  directly  with  the  time.  In  general,  the  k's 
and  «'s  are  the  same  as  the  ks  and  us;  but  since  C  is  to  C" 
about  as  two  to  fiv^e,  81'  will  contain  more  terms  equal  to 
or  above  any  particular  limiting  fraction  of  a  second  of  arc 
than  5/.  Hence  ks  and  us  not  found  in  ^7  will  be  intro- 
duced into  81',  though  all  angles  found  in  8/  will  appear  in 
81'.  For  this  reason  k  and  u  arc  written  with  primes  in 
the  summation  for  81 '. 

It  will  be  noted  from  the  tables  tliat  the  inequalitj'  for 
Jitjiifi-r  is  represented  very  closely  by  four  principal  terms, 
and  likewise  the  perturbation  of  iSafiini  by  four  terms  cor- 
responding severally  to  those  of  Jttpiter.  Yet,  if  we  take 
only  the  principal  terms  of  the  above  summations,  the 
series  are  still  too  unwieldy  for  practical  purposes.  It  is 
proposed  now  to  put  81  in  the  form 

81  =  Jsin(T"  +  -/')+2i'C,cos^  r'  +  /-,7-«,|sini//,V     (9) 
and  8V  under  the  similar  form 

8V  =  ,Ssin(F'  +  <S')+2r6'/cos|  F'  +  //,V-«,'|sini  A,7  (lU) 
where  the  first  parts  Jsin(r'+,/'),  5'sin(  F'+-S')  are 
periodic,  and  represent  the  inequalities  within  less  than  1" 
foK  a  period  of  a  hundred  years  near  the  epoch.  Further- 
more, (9)  and  (10)  are  in  a  very  convenient  form  for  a 
rigorously  exact  representation  of  the  inequalities,  since 
the  summations  are  easily  comi)uted  and  readily  tabulated, 
the  deviations  from  the  strict  periodic  form  being  slight, 
as  \{h—K)  is  a  small  angle.  In  (9)  and  (10)  Jand  .S  are 
absolute  constants,  t7  essentially  positive,  and  .S  essentially 
negative ;  J'  and  S'  are  also  constants,  are  nearly  equal, 
since  the  ratios  of  the  Cs  to  the  corresponding  C's,  although 
not  exactly  equal  to  one  another,  are  all  very  nearly  as  two 
to  five,  and  u  =  u,  V  =  V—ht  where  h  is  an  arbitrary 
constant  to  be  so  chosen  that  the  forms  resulting  hereafter 
may  be  best  adapted  for  computation  ;  //'  is  a  variable,  and 
equal  to  \(li  —  K). 

Putting  y  =    V-ht 

we  have  V—Kt  =    V'-\-{h  —  K)t 
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whence      (V  =   JC,  sin[  7'+ (// -k,)C-,«,] 
=   2r',siii(r'-«,) 

rC..sin(F'-rt,)  =  ./siii(F'+.7') 
if  we  (letermiiie  ,7"  and  -/'  by  the  equations 
;/  sin ,/ '  =   i'C',  sin  «,. 
J  cos  J'  =   2'C,cos«. 
Hence  we  get 
8/  =  Jshi(F'+J')  +  21V.cos\  V  +  h(h—K,)f- u,\sml(/i  - K,)t 
If  we  substitute  ,5 for  J,  S'iorJ',  C  for  C,  and  ic' for  «, 
we  obtain  the  expression  for  dl'. 

It  is  obvious  that  h  sliould  be  nuide  equal  to  tlie  k  corre- 
sponding to  the  largest  C.  The  largest  C  corresponds  to 
the  largest  C  ;  hence  the  same  h  sliould  be  used  for  both 
terms,     A  =  67".50927,     hence 

V  =  1399".7716  7< 
The  expressions  of    Jsm{V'+J'),  .S'sin(  F'-f-<S'),     are 
J"sin(F'+J'')  =       1160".359sin(F'+270°12'19".91) 
.Ssin(F'  +  -S')  =    -2862".135sin(F'+270°ll'54".76) 

The  differences  between  these  and  the  true  inequalities 
have  been  comjiuted  for  different  epochs  in  an  interval  of 
live  thousand  years,  and  entered  in  the  last  table. 

Of  the  numerical  data  used  the  elements  and  masses  have 


already  been  given.  LeVerrier's  values  of  the  numerical 
coefficients  of  the  perturbative  function  were  employed, 
and  are  as  follows.  (See  Au7i.  de  VOhs.  de  Paris,  t.  X, 
pp.  80-88)  : 


.og(af)       ^o,[a'l+B) 


(I)  0.06.'578m  0.82185^  ().S9202w, 

(TT)  0.7G43927  1.4380(5  1. 521 50 

(III)  0.9.S2959//  1.555()07»  1.058134w, 

(IV)  0.7199().S  1.1.V.)054  1.294224 
(V)(VII)  0.1239()«  ().;i.");;'.)/i  1.0138n 

(VI)  (VIII)  0.40780  1.1078  1.2374 

Stockwell  has  given  N^,  g^,  ^,,  etc.,  in  the  form 


N  =  A+  ^B,ii,,  etc. 

0 


and  the  masses  in  the  form 


1  +p, 


where  A,  B,  and   C 


are  constants;  the  ^s  are  known  as  soon  as  the  masses  are 
assumed,  by  equating  the  value  of  the  mass  to     —tt-    ^"*1 

solving  for  ^.  The  ^s,  grs,  etc.  were  obtained  from  Stock- 
well's  memoir  (Smiths.  Contrih.,  p.  232),  the  values  there 
given  being  modified  by  the  introduction  of  Hill's  masses 
by  means  of  the  above  formulas.  The  resulting  values  are 
tabulated  below : 


SCI 

ipt    log  N 

log  JV' 

logl/ 

log  Jtf' 

log  W 

0 

«4.9095500 

M4.8092317 

7(5.3494718 

W5.4331295 

4.6700936 

1 

5.0285713 

5.0429691 

5.1975502 

5.3340514 

?t4.7649230 

2 

rt3.9807717 

M4.83e9567 

H4.4712917 

/t5.3034121 

5.2342041 

3 

3.8388491 

4.9294189 

«3.3802112 

/t4.6669857 

4.6442410 

4 

5.831SG98 

5.8823537 

—  oo 

—  oo 

—  oo 

5 

7.3178109 

7.2788245 

7.1556973 

7.1169502 

6.0808579 

6 

8.0365279 

8.532S15S 

7.3883783 

0.9282268 

7.2035409 

7 

8.1931101 

?i8.6841779 

7.8003183 

748.1972861 

8.3430915 

Subscript 


0 

5.3940525 

-  5.1489278 

86 

18 

14.5 

17 

50 

38.0 

1 

7.3942809 

-  0.6302715 

12 

9 

1.3 

134 

6 

18.3 

2 

17.3885210 

17.0803393 

332 

28 

32.3 

296 

51 

52.7 

3 

18.0507791 

-19.1588596 

130 

15 

28.9 

254 

30 

21.1 

4 

0.0599087 

0.0 

72 

15 

0.9 

100 

22 

29.1 

5 

2.7034487 

-  0.7048689 

108 

54 

41.3 

21 

12 

25.7 

0 

3.7400135 

-  2.9230301 

28 

1 

4.0 

133 

59 

48.4 

7 

22.5030888 

-25.9744026 

307 

50 

48.7 

300 

21 

4.2 

AU  terms  less  than  0".0005  have  beeu  omitted ;  aU  others 
included.  All  results  have  been  checked  by  duplicate  com- 
putations. The  integrals  for  81  were  first  computed  and 
checked,  then  those  of  81' \  afterwards,  as  a  final  check, 
those  of  Snturn  were  computed  from  those  of  Jupiter  by 
determining  the  ratios  of  corresponding  terms. 

Two  of  the  mistakes  made  are  not  without  interest.  A 
mistake  in  copying  made  N^'  positive  instead  of  negative. 
As  a  result  the  inequality  was  reduced  to  one-tenth  of  its 
real  value.     In  computing  t/ sin  (F+t/)  the  co-named  fvmc- 


tions  for  the  arguments  of  the  inclination  terms  were  taken. 
The  resulting  value  of  J  differed  less  than  1"  from  its  true 
value. 

Tables  I  to  VIII  contain  the  integrals  arising  from  the 
expressions  (I)  to  (VIII).  In  the  first  column  on  the  left' 
are  given  as  indices  the  products  of  JVs,  Ms,  and  Ws  occur- 
ring as  factors  in  the  coefl&eients.  In  table  IX  only  one  of 
tliese  products  is  given  for  each  argument,  which  serves  to 
identify  that  argument.  Table  X  contains  the  values  of  81 
and  8V  in  their  final  forms. 
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I. 

lNEgC.\UTIES 

Arising  fkou       IT, 

e'co8(r— 3w),    81  z= 

-sin 

(  V—st- 

-D). 

dV  =  1 

."sin(  V—st—i>). 

X 

C 

P 

L> 

C 

V 

2' 

s 

u 

N,' 

o'oii 

o'ooo 

o'ooo 

+ 

0.028 

0.000 

___ 

o!oii 

+ 

0.'028 

8. 1 1 035 

326°  44     3*9 

N,' 

—102.458 

+  2.595 

—  .341 

+  254.697 

— 7.533 

—100.204 

+  247.164  1 

11.23804 

84     3   12.0 

A7 



5.182 

+  0.126 

—  .017 

+• 

12.883 

—0.366 

— 

5.073 

+ 

12.517 

67.50927 

203  32  26.1 

-VxV.- 

4- 

0.058 

—  .001 

.090 

— 

0.144 

+    .004 

+ 

0.057 

— 

0.140 

12.88668 

142  20  22.5 

NX,^ 

+ 

.008 

.000 

.000 

— 

.020 

+    .001 

+ 

.008 

— 

.019 

50.40083 

341   59  51.9 

N,N/ 

__ 

.076 

+    .002 

.000 

+ 

.189 

—  .006 

— 

.074 

+ 

.1«3 

14.88631 

69   11     9.3 

AVV;' 



.010 

.000 

.000 

+ 

.026 

—  .001 



.010 

+ 

.025 

52.40046 

267  50  38.7 

N-.yj' 

+ 

.007 

.000 

.000 

— 

.017 

+    .001 

+ 

.007 

— 

.016 

24.88055 

28  30  40.3 

N,.V 

+ 

.001 

.000 

.000 

— 

.002 

.000 

+ 

.001 

— 

.002 

62.39470 

228   10     9.7 

N,y,' 



.005 

.000 

.000 

+ 

.012 

.000 

.005 

+ 

.012 

25.54881 

192   17  36.9 

A\y,- 



.001 

.000 

.000 

+ 

.002 

.000 



.001 

+ 

.002 

63.06295 

31   57     6.3 

^v.-Yr 



.001 

.000 

.000 

+ 

0.003 

.000 



.001 

+ 

0.003 

6.06680 

290     4  23.5 

.V^Av 



.481 

+   .012 

—  .002 

+ 

1.193 

—  .035 



.471 

+ 

1.158 

8.15194 

128   17     8.9 

a;a:- 



0.066 

+   .002 

.000 

+ 

0.163 

—0.004 



0.064 

+ 

0.159 

45.66609 

327  56  38.3 

y,'V 



14.734 

+   .374 

—  .049 

+ 

36.627 

—  1.084 



14.409 

+ 

35.543 

10.19548 

164  56  49.3 

^5^7^ 



2.014 

+  0.050 

—  .006 

+ 

5.008 

—0.144 



1.970 

+ 

4.864 

47.70963 

4  36   18.7 

.v„Ar 



42.025 

+  1.037 

—  .136 

+  104.468 

—3.010 



41.124 

+  101.458 

48.75219 

283  42  41.4 

ava; 

+ 

0.001 

0.000 

.000 

+ 

0.002 

.000 

+ 

0.001 

+ 

0.002 

5.06583 

172  31     5.8 

A,-AC 

.000 

.000 

.000 

+ 

0.001 

.000 

.000 

+ 

0.001 

23.82291 

92  20  50.5 

iV.^V, 

+ 

.706 

—  .018 

+    .002 

+ 

1.766 

—  .052 



.690 

+ 

1.714 

9.15291 

245  50  26.6 

a^,-a: 

0.261 

+  0.006 

—  .001 

+ 

0.649 

—0.019 



0.2.J6 

+ 

0.630 

27.90999 

165  40  11.3 

iv;,-^-; 

—113.635 

+  2.842 

—  .374 

+  2 

82.481 

-8.247 

—  1 

11.167 

+  •2 

74.234 

29.99512 

3  52  56.7 

A^.V.A^, 

+ 

0.006 

0.000 

.000 

— 

0.014 

0.000 

+ 

0.006 

— 

0.014 

11.84411 

223  13  59.8 

A'A^iA: 

+ 

.002 

.000 

.'000 

— 

.005 

.000 

+ 

.002 

— 

.005 

30.60119 

143     3  44.5 

A^Av,A; 

+ 

.043 

—  .001 

.000 

— 

.106 

+    .003 

+ 

.042 

— 

.103 

31.64375 

62  10     7.2 

A-.A-.Ao 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

+ 

.001 

11.80021 

112  25     6.2 

a^a;,Ao 

— 

.007 

.000 

.000 

+ 

.018 

—  .001 



.007 

+ 

.017 

13.84375 

149     4  46.6 

JV.AVV: 

— 

.003 

.000 

.000 

+ 

.007 

.000 



.003 

+ 

.007 

32.60082 

68  54  31.3 

AVV^A", 

— 

.056 

+   .001 

.000 

+ 

.140 

—  .004 



.055 

+ 

.136 

33.64339 

348     0  54.0 

A'jAiAT, 

+ 

.001 

.000 

.000 

— 

.002 

.000 

+ 

.001 

— 

.002 

23.83798 

109  24   17.6 

N.,y,y; 

.000 

.000 

.000 

— 

.001 

.000 

.000 

— 

.001 

42.59506 

29   14     2.3 

ivrLv^.Y 

+ 

.005 

.000 

.000 

— 

.013 

.000 

+ 

.005 

— 

.013 

43.63762 

308  20  25.0 

-^';,A^,A^e 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

+ 

.001 

24.50624 

273   11    14.2 

a:,.y,a-; 

— 

.004 

.000 

.000 

+ 

.009 

.000 

— 

.004 

+ 

.009 

44.30588 

112     7  31.6 

^V.A'.A^, 

— 

.046 

+   .001 

.000 

+ 

.114 

—  .003 



.015 

+ 

.111 

7.10937 

209   10  45.2 

A^^AVV; 



.017 

.000 

.000 

+ 

.042 

—  .001 



.017 

+ 

.041 

25.86645 

129     0  30.9 

^V.AVY 

— 

0.355 

+   .009 

—  .001 

+ 

0.882 

—  .026 



0.347 

+ 

0.856 

26.90901 

48     6  53.6 

i     ^Y,a,A; 

— 

10.891 

+  0.273 

—0.036 

+ 

27.074 

—0.791 

— 

10.654 

+ 

26.283 

28.75255 

84  46  34.0 

11. 

Inkqualities  Arising  fkom 

H.fi-e'  cos(  1'— nj' — : 

>o.). 

X 

C 

P 

X' 

C 

P' 

2 

2' 

s 

D 

A7AV 

+ 

0.052 

^^ 

0.001 

0.000 

—       0.128 

+   0.003 

o.'ooo 

+    o'.osi 

_ 

O.V25 

8!'ll035l 

326  44    3.9 

y,<y,' 

+  403.132 

— 

8.447 

+   .896 

—1002.132 

+  25.281 

+  1.106 

+  395.581 

—9 

75.744 

11.23804 

84    3  12.0 

X^X-' 

— 

80.206 

+ 

1.626 

—0.171 

+   199.381 

—  4.836 

—0.211 

—  78.751 

+  194.331 

67.50927 

203  32  26. 1 

XX.X.' 

0.000 

0.000 

.000 

+       0.001 

0.000 

.000 

X'X.- 

.000 

.000 

.000 

+          .001 

.000 

.000           0.000,  + 

.0.002 

10.80155 

304     7  37.1 

A-AVAV 

— 

.152 

+ 

.003 

.000|  +          .377 

—     .009 

.000 

\ 

A-A7 

— 

.088 

+ 

.002 

.000;  +          .218 

—     .005 

.000 

—       .235    + 

.583 

12.88668 

142  20  22.5 

XX-X-' 

+ 

.081 

— 

.002 

.000  —         .203 

+      .005 

.000 

1 

X'X-- 

— 

.012 

.000 

.0001  +          .030 

—     .001 

.0001  +        .067  — 

.169 

50.40083 

341  59  51.9 

y,xx' 

+ 

.001 

.000 

.000[  —         .001 

.000 

.000' 

A-.'AV 

.000 

.000 

.000,  —         .001 

.000 

.000  +      .001  — 

.002 

12.80118 

229  58  23.9 

AVV...AV 

+ 

.200,  — 

.004 

\         .000 

—         .497 

+      .012 

+  0.001 

AT.'AV 

+ 

.131    — 

.003 

1      .000 

!  —         .326 

+      .008 

.000 

+        .324   — 

.802 

14.88631 

69  11    9.3 

A^.AVV;' 

— 

.108   + 

.002 

.000 

+          .268 

—     .007 

.000 

A'/A7 

+ 

.0181 

.000 

.000 

—         .045 

+      .001 

!        .000 

—       .088    + 

.217 

52.40046 

267  50  38.7 

V  V  v 

'  — .- 

.018 

.000 

.000 

+          .046 

—     .001 

.000 

1   - 
1 

AVA7 

— 

0.083    + 

0.002 

;      O.OOOl  +       0.206    -  0.005 

!                             1 

0.000}  —     0.099    + 

0.246 

24.88055 

28  30  40.3 

^•'- 
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L 

C 

p 

L' 

C 

P' 

s 

S' 

s 

D 

iVVV-V-' 

+ 

0.010 

o'.ooo 

0.000 

_ 

0.025 

+ 

0.001 

0.000 

ir 

ff 

0       1        It 

.011 

.000 

.000 

+ 

.028 

— 

.001 

.000 

— 

0.001 

+ 

0.003 

62.39470 

228  10    0.7 

+ 

.013 

.000 

.000 

— 

.033 

+ 

.001 

.000 

+ 

.103 

—     .002 

.000 



.255 

+ 

.006 

.000 

+ 

.114 

— 

.281 

25.54881 

192  17  36.9 

.007 

.000 

.000 

+ 

.018 

.000 

.000 

+ 

.oil 

.000 

.000 

— 

.035 

+ 

.001 

.000 

+ 

.007 

— 

.016 

63.06296 

31  57    6.3 

-^^4^5-V5' 

+ 

.003 

.000 

.000 

— 

.008 

.000 

.000 

N,'^7 

+ 

0.002 

.000 

.000 



0.005 

.000 

.000 

+ 

0.005 

— 

0.018 

6.06680 

290    4  23.5 

N'^NeXa' 

+ 

1.260 

—     .026 

+   .003 



3.129 

+ 

.079 

+    .004 

-vAv/ 

+ 

0.8il8 

—     .019 

+   .002 

— 

2.232 

+ 

.056 

+    .002 

+ 

2.118 

— 

5.220 

8.15194 

128  17    8.9 

^¥4^';^'^' 

.677 

+      .014 

—  .001 

+ 

1.683 

— 

.042 

.000 

JV,'.V,^' 

+ 

0.123 

—     .003 

.000 



0.305 

+ 

0.008 

+   .106 

— 

0.544 

+ 

1.343 

45.66609 

327  56  38.3 

iV,A^,AV 

+ 

38.650 

—     .810 

+   .086 



96.077 

+ 

2.426 

+   .062 

iV.'-^? 

+ 

22.430 

—     .470 

+   .050 

— 

55.759 

+ 

1.408 

—  .056 

+ 

59.936 

—147.834 

10.19548 

164  56  49.3 

iV,iV-iV-' 

20.785 

+      .425 

—  .045 

+ 

51.668 



1.273 

+  0.008 

iVs'.Vj- 

+ 

3.067 

—  0.063 

+    .006 

7.622 

+ 

0.J88 

—1.158 

— 

17.395 

+ 

42.913 

47.70963 

4  36  18.7 

JVe^XVV;' 

—433.605 

+   8.852 

—  .938 

+  1077.8831 

—26.492 

+  0.147 

-Vs'^? 

4- 

55.117 

—  1.125 

+   .119 

137.013 

+ 

3.368 

.000 

—3 

71.580 

+  916.735 

48.75219 

283  42  41.4 

^v,a:,^Vb 

+ 

0.003 

0.000 

.000 



0.007 

0.000 

.000 

.A^v\^,' 

+ 

.001 

.000 

.000 



.002 

.000 

.000 

+ 

0.004 

— 

0.009 

5.06583 

172  31    5.8 

aN''4x\7X 

+ 

.001 

.000 

.000 



.003 

.000 

.000 

0.001 

.000 

.000 

+ 

0.004 

.000 

.000 

0.000 

+ 

0.001 

23.82291 

92  20  50.5 

x,y,'x,, 

4- 

2.150 

—  0.045 

+    .005 



5  34  6 

+ 

.135 

+   .006 

^7yj 

+ 

0.926 

—     .019 

+   .002 

— 

2.303 

+■ 

.058 

+    .003 

+ 

3.019 

— 

7.447 

9.15291 

245  50  26.6 

x,x,'y. 

+ 

0.795 

—     .016 

+    .002 



1.976 

+ 

.049 

+   .002 

N^X'  ' 

1.347 

+   0.028 

—  .003 

+ 

3.348 

— 

.084 

_  .004 

— 

0.541 

+ 

1.335 

27.90999 

165  40  11.3 

N,N^^JY. 

+  298.073 

—  6.174 

+  0.656 



740.975 

+  18.452 

+  0.771 

N/X'  ■ 

— 5 

86.236 

+  12.126 

—  1.285 

+  1457.303] 

—36.290 

—1.516 

—282.840 

+  697.745 

29.99512 

3  52  56.7 

X'X,X, 

0.000 

0.000 

0.000 

+ 

0.001 

0.000 

.000 

NX.'X, 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

0.00( 

+ 

0.003 

9.80057 

186  34  19.4 

xx\x. 

.000 

.000 

.000 

.000 

.000 

.000 

XX^'Xl 

.000 

.000 

.000 

.000 

.000 

.000 

XX.XJ 

.000 

.000 

.000 

— 

.001 

.000 

.000 

.000 

— 

.001 

28.55765 

106  24    4.1 

X'X,X 

— 

.008 

.000 

.000 

+ 

.021 

— 

.001 

.000 

XX,'X„ 



.008 

.000 

.000 

-t- 

.021 



.001 

.000 

XX,X,' 



.007 

.000 

.000 

+ 

.018 

.000 

.000 

— 

.023 

+ 

.058 

11.84411 

223  13  59.8 

x>x,x. 



.003 

.000 

.000 

+ 

.008 

.000 

.000 

xx^x 
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L 

C 

P 

Z' 

C 

P' 

2 

2' 

s 

D 

r 

' 

tt 

M 

» 

" 

n 

K 

n 

o       ;       n 

X,'X'X. 

0.000 

0.0001 

0.000 

+ 

0.001 

0.000 

0.000 

0.000 

0.000 

41.21978 

156  21  18.5 

x,y}y: 



.001 

.000 

.000 

+ 

.0(12 

.000 

.000 

y,'y,x' 

— 

.013 

.000 

.000 

+ 

.032 

— 

.001 

.000 

x.'Xs'y, 

— 

.015 

.000 

.000 

+ 

.037 

— 

.001 

.000 

— 

.029 

+          .069 

24.50624 

273  11  14.2 

X,N,'N:' 

+ 

.001 

.000 

.000 

— 

.003 

.000 

.000 

y,'X,X:' 

+ 

.019 

.000 

.000 

— 

.046 

+ 

.001 

.000 

X,'X,'X: 



.005 

.000 

.000 

+ 

.014 

.000 

.000 

+ 

.015 

—         .034 

43.26332 

193    0  58.9 

X,X,'X,' 

+ 

.025 

.000 

.000 

— 

.062 

+ 

.001 

.000 

X,'X,X' 

+ 

.388 

— 

.006 

.000 

— 

.965 

+ 

.019 

+ 

.002 

X,'XJX, 



.099 

+ 

.002 

.000 

+ 

.245 

— 

.006 

— 

.001 

+ 

.310 

—         .766 

44.30588 

112    7  31.6 

X,X,'X,' 



.091 

+ 

.001 

.000 

+ 

.227 

— 

.004 

— 

.001 

V  'V  V ' 



.11-2 

+ 

.002 

.000 

+ 

.279 

— 

.006 

— 

.001 

X.'XJX, 



.130 

+ 

.002 

.000 

+ 

.324 



.007 

— 

.001 

— 

.328 

+         .811 

7.10937 

209  10  45.2 

x,x,-x,' 

+ 

.133 

— 

.002 

.000 

— 

.330 

+ 

.007 

-f- 

.001 

■ 

V  'V  V ' 

+ 

.163 

— 

.003 

.QOO 

— 

.405 

+ 

.008 

+ 

.001 

V '  V '  v 

-''.  *'5  -^'7 



0.048 

+ 

.001 

.000 

+ 

0.119 

— 

.002 

.000 

+ 

0.244 

—       0.601 

25.86645 

129    0  30.9 

X,X,'XJ 

+ 

2.384 

— 

.039 

+ 

.003 

— 

5.928 

+ 

.122 

+ 

.013 

.^V'Wr' 

+ 

3.401 

— 

.056 

+ 

.004 

— 

8.455|  + 

.175 

+ 

.018 

X,'X„'X, 



0.865 

+ 

0.014 

— 

.001 

+ 

2.149   — 

0.044 

— 

.006 

+ 

4.845 

—     11.956 

26.90901 

48    6  53.6 

X.,XJXJ 

+ 

73.197 

— 

1.199 

+ 

.080 

— 

181.958 

+ 

3.755 

+ 

.397 

x,:x,x,' 

+ 

84.960 

— 

1.392 

+ 

.093 

— 

211.199 

+ 

4.358 

+ 

.460 

x,'x,:x, 

— 

21.599 

+ 

0.354 

— 

0.019 

+ 

53.692  — 

1.108 

—0.117 

+ 

134.475 

—  331.720 

28.75255 

84  46  34.0 

lA 

7 

[nequalitie.s 

Aklsing 

FROM 

JI. 

e'«cos(r- 

-3w'). 

L 

C 

L' 

C 

P' 

s 

2' 

s 

I> 

(T 

ff 

ff 

ff 

It 

If 

ff 

»                  1           o       I        »       1 

x.r 

+ 

0.039 

0.000 

— 

0.097 

+ 

0.002 

0.000 

+ 

0.039 

—       0.095 

8.11035 

326  44    3.9 

X," 

+ 

225.703 



2.760 

— 

561.068 

+ 

9.200 

+ 

1.857 

+ 

222.943 

—  549.921 

11.2.3804 

84    3  12.0 

X.'" 

— 

fi04.SO0 

+ 

8.172 

+  1 

727.175 

; 

>7.4y4 

. — 

5.495 

— 

686.628 

+  1694.186 

67..50927 

203  32  26.1 

X'X.'- 

0.000 

0.000 

+ 

0.001 

0.000 

0.000 

0.000 

+         0.001 

]0.801.-)5 

304    7  37.1 

X'X'-' 

— 

.147 

+ 

.002 

+ 

.366 

— 

.006 

— 

.001 

_ 

.145 

+          .359 

12.88668 

142  20  22.5 

X'X.'  ■' 

— 

.311 

+ 

.004 

+ 

.775 



.012 



.002 



..307 

+         .761 

50.40083 

341  59  51.9 

Xi'X'^ 

+ 

.001 

.000 

— 

.002 

.000 

.000     + 

.001 

—         .002 

12.80118 

229  58  23.9 

Xi'XJ-' 

+ 

.220 

— 

.003 

— 

0.548 

+ 

.009 

+ 

.002  :  + 

.217 

—       0.537 

14.88631 

69  11    9.3 

Xt'X,'-' 

+ 

.468 

— 

.005 

— 

1.164 

+ 

.019 

+ 

.004  1  + 

.463 

—       1.141 

52.40046 

267  50  38.7 

x^:x,'°- 

.000 

.000 

+ 

0.001 

.000 

.000  i 

.000 

+       0.001 

22.79542 

190  17  54.9 

-Vo'AV* 



.139 

+ 

.002 

+ 

.345 



.006 



.001 



.137 

+         .338 

24.88055 

28  30  40.3 

X.'X-'^ 



.204 

+ 

.004 

+ 

.731 



.012 



.002 

— 

.290 

+         .717 

02.39470 

228  10    0.7 

x/xl'^ 

.000 

.000 

— 

.001 

.000 

.000 

.000 

—         .001 

23.463()S 

354    4  51.5 

X,'X,'-^ 

+ 

.172 

— 

.002 

— 

.428 

+ 

.007 

+ 

.001 

+ 

.170 

—         .420 

25..54881 

192  17  36.9 

.Vs'A"/-^ 

+ 

.364 

— 

.004 

— 

.906 

+ 

.014 

+ 

.003 

+ 

.360 

—         .889 

63.06296 

31  57    6.3 

x:x,'^ 

+ 

0.005 

.000 

.  — 

0.012 

.000 

.000  '  + 

0.005 

—       0.012 

6.06680 

290    4  23.5 

XjX^'^ 

+ 

1..508 

— 

.018 

— 

3.748 

+ 

.062 

+ 

.012  i  + 

1.490 

—       3.674 

8.15194 

128  17    8.9 

X,'XJ'^ 

+ 

.".189 

— 

.038 

— 

7.929 

+ 

0.128 

+ 

.026 

+ 

3.151 

—       7.775 

45.66609 

327  56  38.3 

X-JX^'-^ 

+ 

.•'.7.674 

— 

.461 

— 

93.653 

+ 

1.552 

+ 

.310 

+ 

37.213 

—     91.791 

10.19548 

164  56  49.3 

Xrjxr- 

+ 

79.694 



0.950 

— 

198.099 

+ 

.•?.198 

+ 

0.639 

+ 

78.744 

—  194.262 

47.70963 

4  36  18.7 

.V.'X'i 

+  1432.;374 

— 

17.064 

-3560.683 

+ 

■57.439 

+  11.480 

+  141.5.310 

—3491.764 

48.75219 

283  42  41.4 

x.'^X' 

+ 

0.003 

0.000 

— 

0.008 

0.000 

0.000 

+ 

0.003 

—       0.008 

5.0()583 

172  31    5.8 

X,'-X,' 

— 

0.00.5 

.000 

+ 

0.012 

.000 

.000 



0.005 

+       0.012 

23.82291 

92  20  50.5 

V  '  2  V  ' 

+ 

2.096 

— 

.026 

— 

5.211 

+ 

.087 

+ 

.017 

+ 

2.070 

—       5.107 

9.15291 

245  50  26.0 

X.'-XJ 

— 

3.048 

+ 

0.037 

+ 

7.577 



0.121 



0.025 

. 

3.011 

+       7.431 

27.90999 

165  40  11.3 

X,"XJ 

— 

984.657 

+  11.885 

+  2447.720 

- 

10.007 



7.996 



972.772 

+2.199.717 

29.99512 

3  52  56.7 

X'X.'XJ 

— 

0.001 

+ 

0.000 

+ 

0.002 

0.000 

0.000 



0.001 

+       0.002 

9.80057 

186  34  19.4 

X'X\'X,' 

+ 

.001 

.000 

— 

.002 

.000 

.000 

-h 

.001 

—         .002 

28.55765 

106  24    4.1 

X'XJX,' 

— 

.016 

.000 

+ 

.041 



.001 

.000 



.016 

+         .040 

11.84411 

223  13  59.8 

X'X.'X,' 

+ 

.024 

.000 

— 

0.059 

+ 

.001 

.000 

+ 

.024 

—       0.058 

30.60119 

143    3  44.5 

X'X^'X,' 

+ 

.428 

— 

.005 

— 

1.065 

+ 

.017 

+ 

.004 

+ 

.423 

—       1.044 

31.64375 

62  10    7.2 

X.'Y'X' 

."'1  *'<  .t'o 

+ 

.001 

.000 

— 

0.002 

.000 

.000 

+ 

.001 

—       0.002 

11.80021 

112  25    6.2 

X,'X,'X' 

— 

.001 

.000 

+ 

.002 

.000 

.000 



.001 

+         .002 

30.55728 

32  14  50.9 

Xi'X^X^ 

+ 

0.O24 

0.000 

-- 

0:061 

+ 

0.001 

0.000 

+ 

0.024 

—       0.060 

1.3.84375 

149    4  46.6 
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L 

C 

L' 

C 

P 

2 

2' 

s 

D 

ff 

tt 

ft 

II 

II 

tt 

It 

// 

N^'Xr'JVJ 

— 

0.03(i 

0.000 

+ 

0.089 

— 

O.OOl 

0.000 

— 

0.036 

+ 

0.08S 

.'!2.600.S2 

68  54  31.3 

^i'^V,/AV 

— 

.()41 

i- 

.008 

+ 

1.592 

— 

.(•26 

-     .005 

— 

.633 

+ 

1.561 

3.-;.  (54339 

348    0  54.0 

NJX.'N,/ 

— 

.001 

.000 

+ 

0.001 

.000 

.000 

— 

.001 

+ 

0.001 

21.79444 

72  44  37.2 

yjx.LVj 

+ 

.001 

.000 

— 

.001 

.000 

.000 

+ 

.001 

— 

.001 

40.55152 

352  34  21.9 

-»■■  -'''d  -^'ll 

— 

.015 

.000 

+ 

.038 

— 

.001 

.000 

— 

.015 

+ 

.037 

23.83798 

109  24  17.6 

xjy/y,' 

+ 

.022 

.000 

— 

0.056 

+ 

.001 

.000 

+ 

.022 

— 

.055 

42.59506 

29  14    2.3 

X,'N,'N,' 

+ 

.404 

— 

.005 

— 

1.005 

+ 

.016 

+      .(^(^4 

+ 

.399 

— 

.985 

43.63762 

308  20  25.0 

y,'y,'Nj 

+ 

.001 

.000 

— 

0.001 

.OUO 

.000 

+ 

.001 

— 

.001 

22.46270 

236  31  33.8 

X,'X,'X,' 

— 

.001 

.000 

+ 

.001 

.000 

.(•00 

— 

.001 

+ 

.001 

41.21978 

156  21  18.5 

^V,'^V,'.Vi/ 

+ 

.019 

.000 

— 

.048 

+ 

.001 

.000 

+ 

.019 

— 

.047 

24.50624 

273  11  14.2 

Xj^r/XJ 

— 

.028 

.000 

+ 

0.069 

— 

.(•01 

.( •(  •o 

— 

.028 

+ 

0.068 

43.26332 

193    0  58.9 

-'3  ^*B  ^'7 

— 

.501 

+ 

.006 

+ 

1.245 

— 

.020 

-     .004 

— 

.495 

+ 

1.221 

44.30588 

112    7  31.6 

V  V  V ' 

^*4  **5  -''ll 

+ 

.168 

— 

.002 

— 

0.417 

+ 

.007 

+      .001 

+ 

.166 

— 

0.409 

7.10937 

209  10  45.2 

.V^'iV^'.V,' 

— 

0.244 

+ 

.003 

+ 

0607 

— 

.007 

-      .002 

— 

0.241 

+ 

0.598 

25.86645 

129    0  .30.9 

^*4  -^^6  ^'7 

— 

4.385 

+ 

0.053 

+ 

10.901 

— 

0.178 

-      .036 

— 

4.332 

+ 

10.687 

2(i.909Ol 

45    6  53.6 

XrJXJX,' 

— 

109.540 

+ 

1.323 

+ 

272.301 

— 

4.455 

—  0.890 

— 

108.217 

+ 

266.956 

28.75255 

84  46  34.0 

y.     Inequalities  Arising  from     If^ei,'-  cos(V — m — 2t'). 


L 

C 

p 

L' 

C 

2 

2' 

s 

I) 

^^';,";' 

—0.002 

I.OOO 

0.000 

+ 

0.005 

0.000 

—0.002 

+ 

0.005 

8.54915 

200  55     4.5 

^^y^7 

—  .040 

+ 

.001 

.(•00 

+ 

.099 

—  .004 

—  .039 

+ 

.095 

9.59207 

120     1  27.2 

xw^ 

—  .015 

.000 

.000 

+ 

.036 

—  .002 

—  .015 

+ 

.034 

28.34915 

39  51   11.9 

X  irJ 

+  .001 

.000 

.000 

— 

.001 

.000 

+   .001 

— 

.001 

57.34346 

193  36     6.3 

xjrj 

—  .002 

.000 

.000 

+ 

.005 

.000 

—  .002 

+ 

.005 

59.34309 

119  26  53.1 

X,  uy 

—  .012 

.000 

.000 

+ 

.031 

—  .001 

—  .012 

+ 

.030 

52.60871 

179  32  52.5 

X  fl'J 

—0.388 

+ 

.011 

—  .002 

+ 

0.964 

—  .039 

—0.379 

+ 

0.925 

54.65225 

216  12  32.9 

X,  ny 

—8.088 

+ 

.236 

—  .035 

+  20.107 

—  .821 

-7.889 

+  19.286 

55.69482 

135  18  55.6 

xjr.- 

—2.993 

+ 

.086 

—  .012 

+ 

7.439 

—  .300 

—2.919 

+ 

7.139 

74.45189 

54     8  40.3 

x.jrtr, 

—0.004 

.000 

.000 

+ 

0.008 

.000 

—0.004 

+ 

0.008 

34.86934 

63  49  21 2 

X,  WW, 

—  .001 

.000 

.000 

+ 

.003 

.000 

—  .001 

+ 

.003 

53.62642 

343  39     5.9 

XJ1\W, 

+   .004 

.000 

.000 

— 

.010 

.000 

+   .004 

— 

.010 

36.35068 

307  30  11.4 

x,w,w, 

+   .001 

.000 

.000 

— 

.002 

.000 

+   .001 

— 

.002 

55.1077(; 

227  23  26.2 

x,w,w, 

—  .012 

.000 

.000 

+ 

.029 

-   .001 

—  .012 

+ 

.028 

12.64008 

144  48     7.1 

X.  jr;  w. 

—  .004 

.000 

.000 

+ 

.011 

.000 

—  .004 

+ 

.011 

31.39715 

64  37  51.8 

xjrjv. 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

+ 

.001 

25.82790 

359  30  54.5 

xjrjv 

—  .003 

.000 

.000 

+ 

.008 

.000 

—  .003 

+ 

.008 

48.87928 

187     9  38.7 

X.  ir;  w, 

—  .001 

.000 

.000 

+ 

.003 

.000 

—  .001 

+ 

.003 

67.63635 

106  59  23.4 

^-jrjv. 

.000 

.000 

.000 

+ 

.001 

.000 

.000 

+ 

.001 

6.33135 

313  42  27.2 

^e^rjv. 

—  .005 

.000 

.000 

+ 

.015 

—  .001 

—  .005 

+ 

.014 

7.37391 

232  48  49.9 

X.WJV, 

—  .002 

.000 

.000 

+ 

.006 

.000 

—  .002 

+ 

.006 

26.13099 

152  38  34.6 

X.  w.  w. 

—  .004 

.000 

.000 

— 

.008 

.000 

—  .004 

— 

.008 

29.38272 

141  21  11.4 

XJVW 

—  .086 

+ 

.002 

.000 

+ 

.215 

—  .009 

—  .084 

+ 

.206 

30.42538 

60  27  34.1 

X.  w.  w. 

—  .032 

+ 

.001 

.000 

+ 

.080 

—  .003 

—  .031 

+ 

.077 

4'.».18235 

340  16  18.8 

xjr.w. 

—  .002 

.000 

.000 

+ 

.004 

.000 

—  .002 

+ 

.004 

29.55734 

351  54     8.3 

xjrjK 

—0.054 

+ 

.001 

.000 

+ 

.135 

—  .006 

—0.053 

+ 

.129 

31.(i0088 

28  33  48.7 

X,WJV, 

-»1.134 

+ 

.032 

—  .006 

+ 

2.820 

—  .117 

—1.108 

+ 

2.703 

32.64345 

307  30  11.4 

xw,w, 

—0.420 

+  0.012 

—0.002 

+ 

1.042 

—0.043 

—0.410 

+ 

0.999 

51.40052 

226  19  56.1 

YI.     Inequalities  Arising  from     II^e'rl^cos{V — m' — 2t'). 


L 

0 

L' 

C 

P' 

2 

2' 

s 

D 

// 

" 

II 

If 

1/ 

n 

tl 

tt 

0            '             tl 

-V,'T17 

+  0.003 

0.000 

—  0.008 

0.000 

0.000 

+   0.003 

—  0.008 

8.54951 

200  55     4.5 

^V^'Ifv 

+     .060 

—  .001 

—     .150 

+   .005 

.000 

+     .059 

—     .145 

9.59207 

120     1  27.2 

AV  ((? 

—     .088 

+   .002 

+     .218 

—  .006 

.000 

—     .086 

+     .212 

28.34915 

39  51  11.9 

x<w:- 

—     .003 

.000 

+     .007 

.000 

.000 

—     .003 

+     .007 

57.34345 

193  36     6.1 

AV  w:' 

+     .004 

.000 

—     .010 

.000 

.000 

+     .004 

—     .010 

59.34309 

119  26  52.9 

X.J  WJ 

—  0.003 

0.000 

+  0,006 

0.000 

0.000 

—  0.003 

+   0.006 

69.33733 

79  46  23.9 
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L 

C 

L' 

C 

P' 

2 

r 

.s 

I) 

X'  ir:- 

+ 

0.003 

0.000 

0.008 

0.000 

0.000 

+ 

0.003 



0.008 

70.00559 

243 

33  20.5 

y'U'j 

+ 

.027 

—  .001 



O.068 

+   .002 

.000 

+ 

.026 



0.066 

52.(;0871 

179 

32  52.5 

X'U'.^ 

+ 

0.082 

—  .017 



1.694 

+   .040 

+   .002 

+ 

0.665 



1.643 

54.()5225 

216 

12  32.9 

X'  U'-' 

+  12.248 

^  .304 

—30.446  ■ 

+  0.880 

+   .033 

+  11.944 

t 

29.533 

55.69482 

135 

18  55.6 

v.'riv- 

—17.825 

+   .43(5 

+  44.311 

—1.263 

-.047 

—17.389 

+  43.001 

74.45189 

54 

8  40.3 

.v.'i/jr, 

+ 

0.005 

.000 



0.012 

0.000 

.000 

+ 

0.005 

— 

0.012 

34.86934 

63 

49  21.2 

x.'inr. 

.008 

.000 

+ 

.018 

.000 

.000 

— 

.008 

+ 

.018 

53.62642 

34.3 

.39     5.9 

X.'  (»',  If. 

.OOC) 

.000 

+ 

.016 

.000 

.000 

— 

.006 

+ 

.016 

3().35068 

307 

33  41.5 

x.'u\iv. 

+ 

.000 

.000 



.023 

+   .001 

.000 

+ 

.009 

— 

.023 

55.1077(1 

227 

23  26.2 

x'u'jr. 

+ 

.018 

.000 



.044 

+    .001 

.000 

+ 

.018 

— 

.043 

12.04008 

144 

48     7.1 

x.'mjf. 

.020 

+   .001 

+ 

.065 

—  .002 

.000 

— 

.025 

+ 

.063 

31.39715 

04 

37  51.8 

x'fr'ffi 

.000 

.000 



.001 

.000 

.000 

.000 

— 

.001 

25.82790 

359 

30  54.5 

V.  u  :.»»'„ 

.000 

.000 

+ 

.001 

.000 

.000 

.000 

+ 

.001 

44.5,S49S 

279 

20  39.2 

X.'  n',u\ 

.000 

.000 



.001 

.000 

.000 

0.00 

— 

.001 

47.83671 

2()8 

3  16.0 

x.'Jf'.in 

+ 

.005 

.000 



.012 

.000 

.000 

+ 

.005 

— 

.012 

48.87028 

187 

9  38.7 

X-'  u\  \r. 

.007 

.000 

+ 

.018 

.000 

.000 

— 

.007 

+ 

.018 

07.63635 

106 

59  23.4 

x.'ir.w. 

+ 

.001 

.000 



.001 

.000 

.000 

+ 

.001 

— 

.001 

6.33135 

313 

42  27.2 

X'il'.lf' 

+ 

.008 

.000 



.023 

+   .001 

.000 

+ 

.008 

— 

.022 

7.37391 

232 

48  49.9 

x.'ir.ii\ 

.014 

.000 

+ 

.033 

—  .001 

.000 

— 

.014 

+ 

.032 

26.13099 

1.-.2 

38  .34.6 

x'.'n'fr. 

+ 

.007 

.000 



.014 

.000 

.000 

+ 

.007 

— 

.014 

29.38272 

141 

21   11.4 

x,'iv.}r. 

+ 

.131 

—  .003 



.326 

+   .010 

.000 

+ 

.128 

— 

.316 

30.42538 

60 

27  .34.1 

X.' ir.fr. 

.190 

+   .005 

+ 

.473 

—  .014 

—  .001 

— 

.185 

+ 

.458 

49.18235 

.340 

16  18.8 

X'lrjr. 

+ 

.004 

.000 



.010 

.000 

.000 

+ 

.004 

— 

.010 

29.55734 

351 

54     8.3 

X.'U'W. 

-t- 

0.09() 

—  .003 



0.238 

+   .007 

.000 

+ 

0.093 

— 

0.231 

31.(50088 

28 

33  48.7 

x.u'u: 

+ 

1.717 

—  .043 

.    . 

4.270 

+   .125 

+   .005 

+ 

1.674 

— 

4.140 

32.64345 

307 

30  11.4 

x'./u-.jr, 

2.498 

+0.062 

+ 

6.210 

—0.180 

—0.007 

— 

2.436 

+ 

6.023 

51.40052 

226 

19  .-)6.1 

Vll.     INEQUALITIES 

Arising 

fb;>m  Formula.  (V'II). 

VIII.  Inequalities  Arising  from  Formula  (VIII). 

1        ','              Q' 

1 

s 

i> 

Q 

Q' 

s 

D 

i\",.i/.  ir. 

-0.001 

+0.003 

-22.9.3326 

35.5°  37  30.9 

AVJ/jr, 

+  0.002 

-0.004 
+  !006 

-22.93326 

355  37  30.9 

X..U-  ir. 

.000 

+   .001 

-  4.17618 

275  24  18.6 

X.'M,  W. 

-   .003 

-   4.17618 

275  24  18.6 

x^Mjr. 

-   .002 

+   .004 

-25.15142 

108  21  56.6 

X,,'JJ,W, 

.000 

—   .006 

-25.15142 

108  21  56.6 

X.M,  w. 

—    .001 

+   .002 

-   6..39434 

27  11  41.3 

xjjijr, 

-   .004 

+   .009 

-   6.39434 

27  11   41.3 

x,M-ir, 

.000 

+   .001 

-2.5. 151 42 

108  21  56.6 

v,,'j/,jr; 

+   .003 

-   .001 

-25.15142 

108  21   .56.6 

x'.M.  w. 

.000 

+   .001 

-49.24.536 

1  36  49.7 

x'.i/jr„ 

-   .001 

+   .002 

-   6.39434 

L'7  11  41.3 

xj/jr. 

-   .005 

+   .012 

-48.20280 

2S0  43  12.4 

X/M.W, 

.000 

-   .001 

-49.245.36 

1    36  49.7 

X.M.  TT', 

-0.002 

+  0.004 

-29.44572 

200  32  57.1 

X,']iLW. 

+    .007 

-   .017 

-48.20280 

280  43  12.4 

x-'M.  jr. 

—0.010 

+  0.025 

-29.44572 

200  32  57.1 

. 

IX.       SuMi 

EATIOX    OF    Pi 

{ECEDIXG 

[nequaliti 

ES. 

A'-» 

-1175.337 

+2900.043 

8 

+  67"50927 

D 

203  32  26.1 

^7^", 

0.385 

+ 

0.9(50 

+27.90999 

165  40  11.3 

x,x.- 

+ 

4(54.751-1146.607 

48.7.5219 

283  42  41.4 

XX- 

— 

0..379  + 

0.937 

62.39470 

228  10    9.7 

x/x. 

53.888  + 

132.952 

29.99512 

3  52  .5(5.7 

X  ir.- 

+ 

0.286  — 

0.718 

54.65225 

216  12  32.9 

X.X.- 

+ 

37.882  - 

93.451 

47.70'.)63 

4  36  18.7 

x,x^ 

+ 

0.274  - 

0.675 

52.4004(i 

2C>7  .")0  38.7 

x.ir:- 

20..308  + 

50.140 

74.45189 

54    8  40.3 

X  ([:  ir, 

— 

0.216  + 

0..535 

49.18235 

,340  16  18.8 

x.x,x. 

9.254  + 

22.839 

28.75225 

84  46  34.0 

XX-- 

— 

0.147  + 

o.;!(;i 

50.10083 

.341  .■)9  51.9 

xjrj 

+ 

4.055  — 

10.247 

55.69482 

135  18  55.6 

x,x,.x, 

— 

0.128  + 

o.:!l5 

44.;!0588 

112    7  31.6 

x.irjr. 

2.846  + 

7.022 

51.40052 

226  19  56.1 

xir-/ 

— 

0.101 

+ 

0.246 

28..34915 

39  51  11.9 

.vx- 

+ 

2.074  - 

5.115 

45.66609 

327  56  38.3 

xx„x, 

+ 

0.099 

— 

0.244 

43.63762 

308  20  25.0 

A7 

+ 

1.275  - 

3.142 

11.23804 

84    3  1 2.0 

x,x,x 

0.068 

+ 

0.166 

33.()4339 

348    0  54.0 

,v,  ir,  w. 

+ 

0.566  - 

1.437 

32.64345 

307  .30  11.4 

X,  W.  W- 

+ 

0.044 

— 

0.110 

.30.425.38 

(50  27  34.1 

x,x,x. 

1 

0.523  + 

1.283 

26.90901 

48    6  ."j3.(i 

x,xx 

— 

0.044  + 

0.112 

25.S()645 

129    0  30.9 

AVV,* 

+ 

0.489  - 

1.208 

i      63.06295 

31  57    6.3 

x,ir-.,fr, 

+ 

0.040  — 

0.102 

31.(;oo88 

28  33  48.7 

^V,.A? 

+ 

(J.419- 

1.027 

1  +10.19.548 

164  .56  49.3 

X^-Vr, 

+ 

0.0.36  — 

0.(t8,S 

+   9.15291 

245  .".0  2<).6 

N"'  351 
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V 

■VI 

s 

D 

s 

2' 

s 

D 

II 

II 

II 

O     1           II 

// 

// 

II 

xx,x, 

+  o.().".5 

—  0.0S9 

+31.64375 

(;2  10  7.2 

XX,N, 

+  0.002 

+0.001 

+  11.84411 

223  13  59.8 

x,ir.,ir. 

—  0.(129 

.  +  (•.074 

31.39715 

64  37  51.8 

X,X„X„ 

+  0.002 

-0.002 

13.84375 

149  4  46.6 

N,N/ 

+  0.023 

-0.068 

.S.  15194 

128  17  8.9 

V  V  7V 

+  0.002 

-0.004 

24.50624 

273  11  14.2 

'\  ">;^ 

+  0.020 

—  0.050 

9.59207 

120  1  27.2 

x.iiy 

+  0.(»02 

-0.005 

59.34309 

119  26  53.1 

y,n\ii; 

-0.016 

+  0.038 

26.13099 

152  38  34.6 

XJVJV, 

+  0.002 

-0.004 

48.87928 

187  9  38.7 

N,  ir.- 

+  0.014 

-0.03() 

+  52.60871 

179  32  52.5 

XJVJV, 

+  0.002 

-0.006 

29.55734 

351  54  8.3 

N-,M.W, 

-0.012 

+  0.029 

-29.44572 

200  32  57.1 

x,x,- 

+  0.002 

-0.011 

+  14.88631 

69  11  9.3 

N-  u\  ir, 

+0.010 

-0.025 

+  55.10776 

227  23  26.2 

X.M.  IF. 

-0.002 

+  0.007 

-  4.17618 

275  24  1 8.6 

.Y,A'..V, 

■-0.010 

+  0.026 

43.26332 

193  0  5S.9 

.VAV' 

—  0.002 

+  0.008 

+  12.88(;(i8 

142  20  22.5 

x-inr, 

-0.009 

+  0.021 

53.62642 

343  39  5.9 

.V/F-- 

—  0.002 

+  0.006 

57.34346 

193  3()  6.3 

X.  (i; ;)'; 

-0.008 

+  0.021 

67.6.')6.'>5 

106  59  23.4 

X,  Jl\  JV, 

—  0.002 

+  0.006 

36.35069 

307  33  41.5 

N,N,' 

+  0.007 

-0.019 

25.54881 

192  17  36.9 

X,X,X, 

-O.OOL' 

0.000 

11.80021 

112  25  6.2 

.V.^V-X 

+  0.0()7 

-0.021 

42.59506 

29  14  2.3 

x^x-' 

+  0.001 

+  0.001 

23.46368 

354  4  51.5 

X-Jt'JI', 

+o.oo(; 

—  0.015 

-12.64008 
+  32.60082 

144  48  7.1 

-V,A7 

+0.001 

0.000 

22.79542 

190  17  54.9 

N,X,X, 

-0.006 

+  0.015 

68  54  31.3 

X'V 

+  0.001 

0.000 

5.06583 

172  31  5.8 

N.i\i,n\ 

—  0.005 

+  0.013 

-  6.39434 

27  11  4.3 

x,x,x, 

+0.001 

0.000 

30.55728 

32  14  50.9 

N,N,' 

—  0.005 

+  0.015 

+  24.88055 

28  30  40.3 

X„X,X- 

+  0.001 

0.000 

40.55152 

352  34  21 .9 

NX,N, 

—  0.005 

+  0.013 

30.(;oil9 

143  3  44.5 

^.iK: 

+  0.001 

-0.003 

8.54951 

200  55  4.5 

N^X,N,. 

—  0.005 

+  0.010 

7.10937 

209  10  45.2 

N..^,X, 

+  0.001 

-0.001 

22.46270 

236  31  ;{3.8 

^o"^,"'o 

+  0.003 

-0.008 

7.37391 

232  48  49.9 

XJVIV- 

+0.001 

—  0.004 

34.86934 

63  49  21.2 

M,  IVJ 

+  0.003 

-0.008 

70.00559 

243  33  20.5 

X,  IV.  IV, 

+  0.001 

0.000 

6.33135 

313  42  27.2 

N,  n\  ir. 

+  0  003 

—  0.006 

29.38272 

141  21  11.4 

x,x,: 

+  0.001 

-0.001 

12.80118 

229  58  23.9 

iV„  W,' 

—0.003 

+0.006 

+  69.33733 

79  46  23.9 

X..Xr,X,, 

-0.001 

+  0.001 

23.83798 

109  24  17.6 

XJI,  IV, 

+  0.002 

—  0.005 

—  48.20280 

280  43  12.4 

X,'X- 

-0.001 

+  0.003 

23.82291 

92  20  50.5 

x,M,  ir. 

+  O.O02 

—0.003 

-25.15142 

108  21  56.6 

x,x,x. 

—0.001 

-0.001 

21.79444 

72  44  37.2 

X-,' 

+  0.002 

—  0.002 

+  8.11035 

326  44  3.9 

N,X,X, 

-0.001 

+  0.001 

+  41.21978 

156  21  18.5 

X.     A  and  A'.      S!  ■- 


1160".36  .sin{  r'  +  270°  12'  19".9).     81'  =  -2862".14  siu(  F'  +  270°  11'54".S).      V  =  i;!99".77167;; 

Epoch  1850. 


t 

A 

A' 

t 

A 

A' 

t 

A 

A' 

-2500 

-102.68 

+  253.25 

-60 

-1.00 

+  2.46 

+  60 

-  0.71 

+  l!'75 

—  2000 

-  80.45 

+  198.41 

-40 

-0.69 

+  1.70 

+  70 

-  1.03 

+  2.55 

—  1500 

+  51.45 

-12(;.06 

-30 

-0.43 

+  1.08 

+  80 

-  1.40 

+  3.46 

-1000 

—  25.80 

+  63.43 

-20 

-0.23 

+  0.57 

+  90 

-  1.82 

+  4.48 

-  500 

+  7.80 

—  18.99 

-10 

—  0.07 

+  0.17 

+  100 

—  2.27 

+  5.62 

—  100 

-  3.18 

+  7.86 

+  10 

+  0.01 

-0.02 

+  500 

+  3.88 

-  9.58 

-  90 

-  2.68 

+   6.60 

+  20 

0.00 

0.00 

-t-iooo 

-19.04 

+  4(i.9S 

-  80 

—  2.20 

+  5.42 

+  30 

—  0.08 

+  0.22 

+  1500 

+  41.62 

-102.()8 

-  70 

-  1.76 

+  4.33 

+  40 

-0.24 

+  0.59 

+  2000 

+  73.05 

-180.35 

-  60 

-  1 .35 

+  3.35 

+  50 

-0.44 

+  1.10 

+  2500 

+  98.21 

-242.31 

Leraider  Mi'.Cormick  Ohservutonj,  Uiiircrsifi/  of  Tir/jlnia,  1895  Mai/  1. 


THE   LATITUDE-VARIATION   TIDE, 

Br  S.  C.  CHANDLEK. 


Shortly  after  the  aiinoimcement  of  the  427-day  period  of 
revolution  of  the  earth's  axe.s  of  figure  and  rotation,  the  in- 
genious .suggestion  was  made  by  Prof.  Newcomb  that,  if 
such  a  phenomenon  existed,  it  should  cause  a  synchronous 
oscillation  in  the  mean  sea-level,  which  might  be  detected 
by  a  careful  study  of  the  tidal  observations  of  the  U.S. 
Coast  Survey.  Acting  upon  this  suggestion  the  Superin- 
tendent of  the  Survey  authorized  Dr.  A.  S.  Christie,  the 
head  of  its  Tidal  Division,  to  make  such  an  examination. 


Dr.  Christie  accordingly  chose  the  observations  made  at 
two  mareograph  stations  near  San  Francisco,  Cal.,  and  in 
February  1892  he  communicated  his  results  in  an  official 
report.  He  found,  from  a  35-years  series  extending  from 
1856  to  1891,  a  tide  with  a  period  of  437.4  days,  and  a 
semi-amplitude  of  17.3  mm.  These  results  were  communi- 
cated to  the  National  Academy  at  Washington,  April  1892, 
in  elaborate  detail,  and  excited  the  liveliest  interest  among 
the    astronomical    members    there    ijresent.      Immediately 
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thereafter  Dr.  Chkistie  undertook  the  reduction  of  the 
Coast-Survey  tidal  ob.servations  in  renobsfot  Hay.  Elaine, 
extending  from  1870  to  1888,  and  found,  similarly,  a  tide 
with  a  period  of  424.9  day.s,  and  a  senu-auii>litude  of 
12.")  mm.  These  results,  together  with  those  which  he  had 
previously  announced  with  regard  to  the  Pac^itic -coast  tide, 
he  communicated  to  the  I'hilosophical  Society  of  AVa.shing- 
ton,  Jlay  21  1892.  The  epochs  of  maxinuv  and  minima  at 
both  stations  were  entirely  liarmonious,  and  the  combi- 
nation of  the  two  series  gave  a  mean  period  of  431  ±4  days, 
and  a  mean  semi-amplitude  of  15  mm,  or  0.i")9  inches. 

These  results  of  Dr.  Christik's,  it  will  be  seen,  are  in 
quite  satisfactory  acc'ord  with  those  published  two  years 
later  by  Prof,  vax  de  Sandk  1!akhuvzkx,  ba.sed  on  the 
tidal  observations  at  Helder,  near  Amsterdam,  1855-1892. 
The  agreement  is  all  the  more  satisfactory  because  Prof. 
Hakiii-vzkx  ai)pears  to  have  been  unaware  that  his  re- 
searches had  been  so  long  anticipated  Ijy  those  of  Dr. 
Chkistie. 

The  phase-epochs  from  these  tidal  investigations  show  a 
most  remarkable  accord  with  those  derived  from  astro- 
nomical observation  upon  latitudes.  If  the  variation  of 
sea-level  is  caused  by  the  divergence  of  the  earth's  axes  of 
rotation  and  figure,  low  tide  at  any  station  must  occur 
wlien  the  pole  of  rotation  lies  between  the  pole  of  figure 


I  and  the  station,  i.e.,  at  the  time  of  maximum  latitude  at 
that  station.  Now  the  Julian  date  of  the  low  tide  at 
Greenwich,  according  to  these  investigations,  would  he, 

2  40.->i;57 
24051X5 


San  Francisco  ^Christie), 
Helder  (iSakhuyzen), 


Mean, 


2405161 


l!ut,  by  equation  (52),  Asfrmi.  Joiu-nnl.  no.  322,  the  Green- 
wich ei)0ch  of  maximum  latitude,  for  the  42S-(lay  term,  is 
2  405104.  Thus  the  ditt'crenec  between  the  results  is  only 
three  days  in  this  case. 

Similarly  we  have  the  date  of  low  tide  at  Greenwich 
from  the  observations  at 

Penobscot  Bay  (Christie),  2  407  302 

While  formula  (52)  gives  2407  310 

where  the  difference  is  only  eight  days. 

The  range  of  the  tide,  as  determimd  by  the  observations 
on  the  Pacific  coast,  is  one  and  a  third  inches ;  that  on  the 
west  Atlantic  shore  is  one  inch ;  and  that  on  the  east  shore 
is  two-thirds  of  an  incli.  Notwithstanding  the  natural  dis- 
trust attaching  to  investigations  so  delicate,  upon  a  jilii;- 
nomenon  almost  evanescent  in  its  character,  the  harmony 
between  the  results  of  tidal  and  astronomical  observation, 
as  exemplified  above  in  the  dates  of  the  principal  plia.MS, 
can  hardly  be  regarded  as  fortuitous. 


189.1  Mt.  Hamilton  M.T. 
Jan.  27  7"  16"'  12' 


OBSERVATION    1895  JANUARY  27   OF   THE   COMET  e  1894  (swift), 

M.\I>K    WITH    THK   o(j-IXCH    liEFKACTOIt    OF    THE    I.ICK    (lltSEIiVATOKV, 

Bv  E.  E.  BARXAKD. 
I  have  measured  the  position  of  the  13"  comparison -star  used  with  Swift's  comet  1895  Jan.  27,  with  reference  to 
the  star  Weisse-Besskl  I,  245,  which  is  Schjellekup  428.     The  following  position  of  the  comet  results. 

No.  '^-*  #'s  apparent.  ,^,„^.^^ 

^  Conip.  /la.  Jo  a.  O  for  a  fort! 

3       1     5,(5      I    -0™15S.35    I    +1'9".7    |  1"  17- 42'.07  |     +8°  26' 10".l    |    9.445    |   0.648 
3Iean  Place  far  18D5.0  of  Comparison- Star. 

,  r.inl.  to  g  Ked.  to 

^  "'  app.  pluce  app.  place 

3    I  1"  17'"  57'. 44  1  -0%02  |  -f- 8°  24' 57".0  [    +3".4   ] 

In  A.J.  no.  338,  p.  10,  in  giving  the  rough  approximate  position  of  the  13"  star,  I  see  that  I  have  ailded  the  /lu, 
instead  of  subtracting  it.  See  the  previous  page,  where  the  Ja  is  shown  to  be  minus.  The  J(c  and  Jll  for  the 
13"  star  and  the  star  DM.  8°220,  as  given  on  p.  9,  are  correct. 

Mt.  Hamilton,  1895  July  26. 

XEAV    ASTEROIDS. 

In  Antron.  X>if/ii:  3302,  Mr.  Ueijkekmh  gives  an  ephemeris  computed  by  him  for  an  asteroid  BY,  12",  not  previously 
announced,  but  discovered  by  Chaklois  1S95  June  2ii. 

Prof.  Krevtz  communicates  the  discovery  of  two  others,  also  by  Mr.  Chahlois.  upon  a  photograph  taken  Jidy  23> 
10"  54'".0  Nice  M.T. 

BZ    ll"     rt  =  20''    g™  16%     if  =—5°  36'.     Daily  motion,  -1""  in  «. 

CA     IW"  a  =  20''  23'"  48',     3  =  —8°  52'.     Daily  motion,  —1"'  in  «,  and  1'  southward. 


CONTEXTS. 
The  Great  IxKf/iAi.iTV  of  .Iiipiter  and  Sati-rx,  nv  Dr.  Edgar  Odell  Lovett. 
The  Latitiue-Vakiatiox  Tide,  nv  I)n.  S.  C.  Cuaxdler. 

Ohservatiox  1S95  .Jamary  27  ok  the  Comet  e  1S94  (Swift),  by  Prof.  E.  E.  Barnard. 
New  Asteroiiis. 


rOBLISHKD  IN  ItOSTOK. 


KBUI-MONTHI.Y,  BY  It.  A.  UOOLD.       ADDKKSS.  CAMBRIDGE.  MASS.      I'RICE.  S-i.aOTlIE  VOLUME.      PlIKSS  OP  THOS.   P.  NICHOLS,  I.YMK,  MA6B. 

Entered  at  the  Post  Office,  at  Boston.  Mass..  as  second-class  matter.     Cloted  August  6. 
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RESEARCHES   ON   THE   ORBIT   OF 

Bv  T.  J.  J.  SEE. 

This  celebrated  double  star  was  accidentally  discovered 
by  Bradley  and  Found  March  15, 1718.  The  only  double 
star  previously  recognized  which  has  proved  to  be  binary  is 
n  Centain-i.  It  was  resolved  into  its  components  in  Decem- 
ber, 1689,  by  Father  Eichaud,  at  Pondicherry,  India.  On 
putting  one  eye  to  the  telescope,  and  looking  at  the  heavens 
with  the  other,  Bradley  found  the  two  components  of 
J'  Virginis  to  be  approximately  in  line  with  the  naked-eye 
stars  «  and  S  Virginis;  this  allineation  gives  a  position- 
angle  of  330°. 8  at  the  epoch  1718.20.  Such  an  observation 
has  of  course  some  historical  intei«st,  but  is  worthy  of  little 
consideration  in  the  discussion  of  a  modern  double-star 
orbit.  Neither  can  any  confidence  be  placed  in  the  position 
for  1720,  which  was  calculated  from  a  lunar  occultation 
observed  by  Cassini  while  searching  for  evidence  of  an 
atmosphere  surrounding  the  Moon. 

The  observation  which  results  from  the  Catalogue  of 
Tobias  Mayer  would  be  entitled  to  more  weight  were  it 
not  for  the  uncertainty  of  double-star  positions  deduced 
from  differences  of  right-ascension  and  declination. 

Therefore,  in  the  present  discussion  of  the  orbit  I  have 
relied  principally  upon  observations  since  the  time  of  Wil- 
liam Struve,  but  have  not  entirely  ignored  the  measures 
of  Sir  William  Herschel,  which  appear  to  be  as  good  as 
could  be  expected  from  the  means  at  his  disposal.  After 
an  examination  of  all  the  observations,  it  appeared  ad- 
visable to  base  the  orbit  mainly  upon  the  work  of  tlie  great 


VIRGINIS  =  21670, 


standard  observers.  This  sifting  of  the  observational  ma- 
terial is  rendered  the  more  necessary  by  the  great  number 
and  miscellaneous  character  of  the  observers  who  have 
occupied  themselves  with  an  easy  and  celebrated  star  like 
y  Virginis.  It  is  probable  that  more  orbits  have  been  com- 
puted for  this  star  than  for  any  other  binary  in  the  heavens, 
but  as  all  of  these  are  defective,  according  to  trustworthy 
recent  observations,  a  new  determination  of  the  elements 
based  upon  the  best  measures  now  available,  would  seem  to 
be  desirable.  In  dealing  with  an  orbit  which  has  long 
occupied  the  attention  of  eminent  men.  including  Sir  John 
Herschel  and  the  illustrious  Adams,  we  could  hardly  hope 
for  material  improvement  over  the  resvilts  already  obtained, 
were  not  tlie  investigation  rendered  more  complete  by  re- 
cent observations,  and  by  the  use  of  the  observed  distances, 
which  have  generally  been  rejected,  but  which  here  acquire 
a  high  importance  owing  to  the  slow  angular  motion.  The 
nature  of  the  motion  of  y  Virginis  is  such  that  some  of  the 
elements,  especially  the  periastron  passage  and  the  eccen- 
tricity, are  determined  with  great  precision  ;  but  the  period 
has  been  underestimated  by  nearly  all  recent  investigators, 
and  wiU  still  remain  slightly  uncertain,  perhaps  to  the  ex- 
tent of  one  year.  The  following  table  of  elements  has  been 
made  up  chiefly  from  original  sources,  but  in  a  few  cases  I 
have  relied  upon  Mr.  Gore's  useful  "  Catalogue  of  Binary 
Stars  for  which  Orbits  have  been  Computed.'" 


p 

T 

e 

o 

Q, 

i 

1 

Authority 

Som-ce 

513.28 

1834.01 

0.8872 

ll'!830 

87°83 

68.0 

290.0 

Herschel, 

1830  (?) 

Mem.  E.A.S.,  vol.  V 

628.90 

1834.63 

0.8335 

12.09 

97.4 

67.03 

282.35 

Herschel, 

1833 

Mem.  E.A.S.,  vol.  VI 

145.453 

1836.313 

0.8681 

3.402 

60.63 

24.65 

78.37 

Madler, 

1841 

Dorpat  obs..  1841 

157.562 

1836.103 

0.8680 

3.638 

58.38 

.35.6 

266.0 

Madler, 

1841 

A.N.  363 

143.44 

1836.29 

0.8590 

_ 

70.6 

23.1 

319.38 

Henderson, 

1843 

'■  Spec.  Hartw.,  p.  345 

141.297 

1836  228 

0.8566 



78.47 

25.23 

319.77 

Hind, 

1845 

Mem.  R.A.S.,  vol.  XVI,  p 

461 

133.5 

1836.30 

0.8525 

3.499 

69.67 

24.6 

249.3 

Jacob, 

1846 

169.445 

1836.279 

0.8806 

_ 

62.15 

25.42 

79.07 

Madler, 

1847 

Die  Fixstern-Systeme 

182.12 

1836.43 

0.8795 



5.55 

23.6 

313.75 

Herschel, 

1847 

'Eesults.'p.297 

183.137 

1836.385 

0.8860 

4.336 

28.7 

30.65 

290.5 

Herschel, 

1850 

Mem.  E.A.S.,  vol.  XVIII, 

p.  67 

(129) 
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p 

T 

e 

a 

Si 

i 

A 

Authority 

Source 

171.54 

1836.40 

0.8804 

» 

20.57 

27.38 

300.2 

Hiiul, 

1851 

M.N.,vol.  XI,  p.  136 

174.137 

1836.34 

0.8796 

_ 

34.75 

25.45 

284.9 

Adams, 

1851 

184.53 

1836.40 

0.8794 

_ 

19.12 

27,6 

295.2 

Fletcher. 

IS.-),'! 

M.N.,  vol.  XIII,  1I.25S 

148.2 

1836.2 

0.8725 

3.617 

41.67 

31.95 

269.3 

Sinyth, 

isdo 

'  Cycle,'  p.  356 

177.7 

1836.50 

0.8878 

4.226 

35.62 

37.33 

281.7 

Siiivth, 

18110 

'  Cycle'  cont..  p.  45 

185.0 

1836.68 

0.896 

3.97 

35.6 

35.1 

283.7 
lone;,  per. 

'J'liiele, 

1866 

A.X.,V(,1.XV11I 

175.0 

1836.45 

0.8715 

3.385 

- 

0.0 

=  320  0 

Flauiniaiion, 

1874 

'  Catalogue,'  p.  1 2 

180.54 

1836.47 

0.8978 

4.09 

45.82 

37.0 

93.98 

Doberck, 

1881 

Copernicus,  vol.  I,  p.  143 

179.05 

1836.45 

0.8904 

3.94 

46.0 

33.95 

93.92 

Uoberck, 

1881 

Copernicus,  vol.  I,  p.  143 

192.07 

1836.51 

0.895 

4.144 

54.9 

34.12 

274.23 

See, 

1893 

Astroii.  ami  Astro.-riiys.,Dec. 

'93 

From  an  investigation  of  the  long  list  of  observations, 
including  my  own  very  careful  measures  recently  secured 
with  the  26-inch  refractor  of  the  Leandor  McCormick  Ob- 
servatory of  the  University  of  ^■irginia,  I  find  the  following 


elements  of  ■/  Virginis : 

P  =   194.0  years 

T  =  1836.53 

,'  =  0.8974 

<,   =  3".989 

Si  =  50°.4 

(■  =  31.0 

;.  =  270°.0 

n  =    -1°.8557 

Apparent  orbit  : 

Length  of  major  axis 

=  6".824 

Length  of  minor  axis 

=  3".530 

Angle  of  major  axis 

=   140°.4 

Angle  of  periastron  =    lln.  1 

Distance  of  star  ir())ii  center  =   3".lt(J2 

The  accompanying  table  of  coniputed  and  observed  places 
shows  tliat  these  are  perhaps  the  most  exact  elements  yet 
determined  for  any  star.  For  although  all  the  measures 
have  not  been  used  in  forming  the  mean  observations  on 
which  the  orbit  is  based,  yet  those  measures  which  liave 
been  employed  have  been  so  combined  as  fairly  to  rejn-e- 
sent  the  best  material  for  each  year.  Accordingly,  the 
residuals  are  uniformly  small,  except  just  before  ])eriastrou 
passage,  when  the  object  was  extremely  difficult ;  and,  as 
no  variation  of  the  elements  will  materially  improve  the, 
representation  of  the  observations  in  this  part  of  the  orbit 
without  a  corresponding  damage  elsewhere,  we  infer  that 
the  differences  are  due  mainly  to  systematic  errors  in 
Stkuve's  measures. 


COMPAKISON    OF 

Computed  with  0 

BSEKVED  Places. 

( 

Oo 

ec 

Po 

P. 

6u — Oe 

Po— Pc 

n 

Observers 

1718.20 

330.8 

326.2 

f 

6.27 

+  4.6 

t 

•) 

Bradley  and  I'nund 

1720.31 

319.0 

325.0 

7.49 

6.34 

-   6.0 

+  1.15 

1 

Cassini 

1756.20 

324.4 

318.7 

6.50 

6.46 

+   5.7 

+0.04 

_ 

Tobias  Mayer 

1781.89 

310.7 

308.1 

5.70 

5.67 

+  2.6 

+0.03 

1 

Ilerschel 

1803.37 

300.2 

299.6 

_ 

4.60 

+  0.6 

_ 

8  obs. 

Herschel 

1819.40 

_ 

286.9 

3.56 

.3.16 

— 

+0.40 

1  + 

Stnive 

1820.28 

284.9 

284.9 

2.76 

2.97 

0.0 

-0.21 

5 

Struve 

1822.25 

283.4 

283.4 

3.79 

2.85 

0.0 

-0.06 

2 

Herschel  and  South 

1823.32 

281.6 

281.8 

2.95 

2.70 

—  0.2 

+0.25 

1,3 

Struve 

1825.32 

277.9 

278.2 

2.37 

2.43 

-  0.3 

-0.06 

6 

Struve 

1828.38 

271.5 

271.4 

2.07 

2.01 

+  0.1 

+  0.06 

1 

Struve 

1829.30 

268.0 

268.8 

1.78 

1.86 

-  0.8 

-0.08 

7 

H.,2:2-.,5 

1830.59 

262.2 

264.1 

1.59 

1.63 

-  1.9 

-0.04 

7 

Bessel 

1831.36 

260.9 

260.8 

1.49 

1.50 

+  0.1 

-0.01 

5 

Struve 

1832.52 

253.5 

253.8 

1.26 

1.26 

-  0.3 

0.00 

4 

Struve 

1833.36 

240.1 

247.2 

1.14 

1.09 

-   7.1 

+  0.05 

8,2 

Dawes 

1833.37 

245.5 

247.1 

1.05 

1.08 

-   1.6 

-0.03 

7 

Struve 

1834.38 

231.6 

235.0 

0.91 

0.84 

-  3.4 

+  0.07 

5 

Struve 

1834.84 

213.6 

226.5 

_ 

0.72 

-12.9 

_ 

1 

Struve 

1835.38 

195.5 

212.2 

0.51 

0..58 

-16.7 

—  0.07 

9 

Struve 

1835.39 

195.2 

212.0 

0.57 

0.57 

-16.8 

0.00 

1 

Senff 

1835.42 

197.1 

211.3 

— 

0.56 

-14.2 

— 

1 

0.  Struve 

1836.41 

151.6 

150.2 

0.26 

0..36 

+   1.4 

-0.10 

3 

Struve 

I 
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I 


t 

e. 

Be 

P« 

Pc 

e. 

-6io 

P—Pc 

n 

Olxservei's 

1836.41 

158°7 

150.2 

If 

0."36 

+ 

0 

8.5 

II 

2 

0.  Struve 

1836.41 

153.8 

150.2 

— 

0.36 

+- 

3.6 

_ 

1 

Sabhn' 

1837.41 

77.9 

78.2 

0.58 

0.52 

— 

0.3 

+  0.06 

6 

( ).  iStiuve 

1837.41 

78.5 

78.2 

0.67 

0.52 

+ 

0.3 

+  0.15 

1 

Euoke 

1838.08 

57.5 

58.0 

0.67 

0.70 

— 

0.5 

—  0.03 

1 

Her.si^liel 

1S3S.1(I 

51.9 

50.8 

0.86 

0.78 

+ 

1.1 

+  0.08 

_ 

Struve 

1838.43 

51.1 

50.0 

0.80 

0.79 

+ 

1.1 

+  0.01 

_ 

O.  Stnive 

1838.43 

49  2 

50.0 

0.83 

0.79 

— 

0.8 

+  0.04 

3± 

Galle  and  Mildler 

1839.33 

35.5 

37.3 

1.26 

1 .01 

— 

1.8 

+  0.25 

5,  1 

Oalle,  5-0;  Dawes,  0-1. 

1840.36 

26.3 

28.1 

1 .28 

1.23 

— 

1.8 

+  0.05 

16,  12  + 

Kai.ser,  1±;  Uawes,  11-7;   02"..  5 

1841.41 

22.4 

22.0 

1.63 

1.44 

+ 

0.4 

+  0.19 

4 

0.  Stnive 

1842.21 

16.6 

17.7 

1.58 

1.60 



1.1 

-0.02 

7,5 

Mitdler 

1842.41 

17.1 

16.1 

1.73 

1.67 

+ 

1.0 

+  0.06 

4,5 

02".,  4^0;  Dawes,  0-5 

1843.37 

12.1 

13.7 

1 .80 

1.78 



1.6 

+  0.02 

17,  12 

Madlei-,  7;  Dawes,  10-5 

1844.3(i 

8.9 

10.1 

2.06 

1.97 



1.2 

+  0.09 

8,7 

iMadlei' 

1X45.46 

4.5 

7.2 

2.23 

2.15 



2.7 

+  0.08 

2 

0.  Struve 

1846.5'J 

3.6 

4.6 

2  21 

2.31 



1.0 

-0.10 

5 

02".,  2;  Dawes,  2;  Mitchell,] 

1847.38 

2.5 

3.0 

2.40 

2  42 



0.5 

—  0.02 

11 

Dawe.s,8;   02".,  3 

1848.34 

0.8 

1.3 

2.71 

2.55 



0.5 

+  0.16 

7,6 

Mildler 

1848.40 

359.8 

1.1 

2.57 

2.56 



1.3 

+  0.01 

12 

Dawes,  9;   02".,  3 

1849.37 

359.0 

359.5 

2.84 

2.67 



0.5 

+  0.17 

5,4 

Dawes 

1850.40 

358.0 

357.9 

2.74 

2.80 

+ 

0.1 

-0.06 

11,4 

Jacob,  2-0;   02".,  4;  Madler,  l-O;  iIadler,4-0 

1851.28 

357.9 

35(5.8 

2.99 

2.90 

+ 

1.1 

+  0.09 

4 

Mildler 

1851.40 

35().5 

356.3 

2.99 

2.95 

+ 

0.2 

+  0.04 

5 

Dawes 

1852.38 

354.6 

355.4 

3.06 

3.01 

. 

0.8 

+  0.05 

i 

Dawes,  2;  Mildler,  2;   02".,  3 

1853.30 

353.6 

354.3 

3.21 

3.13 



0.7 

+0.08 

5,4 

Jacob,  2  ;  Dawes,  3-2 

1853.56 

353.1 

354.0 

3.15 

3.16 



0.9 

-0.01 

12 

MMler,6;   02".,  4;  Jacob,  2 

1854.43 

353.2 

353.0 

3  22 

3.26 

+ 

0.2 

-0.04 

15 

Dawes,  8;  Dembowski,  7 

1855.18 

351.4 

352.3 

3.40 

3.33 



0.9 

+  0.07 

8 

02".,  4;  Dembowski,  4 

1855.67 

352.8 

351.8 

3.40 

3.40 

+ 

1.0 

0.00 

10,  9 

Senff,l;  Madler,  3;  Dawes,  4-3;  Morton,  3 

1856.39 

350.5 

351.3 

3.56 

3.44 



0.8 

+  0.12 

5 

Dembowski 

1857.28 

349.1 

350.2 

3.70 

3.56 



1.1 

+  0.14 

20 

Dembowski,  6  ;  Dawes,  7  ;  Senif,  7 

1857.56 

350.2 

350.1 

3.57 

3.57 

+ 

0.1 

0.00 

22,  21 

Mildler,  9-8;  Dawes,  6;   02".,  2;  Jacob,  5 

1858.36 

349.2 

349.3 

3.80 

3.65 



0.1 

+  0.15 

8!  6 

Dembowski,  6  ;  Mitdler,  2-0 

1858.44 

350.2 

349.3 

3.59 

3.66 

+ 

0.9 

—  0.07 

16 

Senff,  3;   02".,  2;  Dawes,  8  ;  Morton,  3 

1859.36 

349.1 

348.6 

3.83 

3.72 

+ 

0.5 

+  0.11 

24.  23 

Morton,  4;  Mildler,  9-8;  02".,  3;  Senff,  3  ;  Dawes,  5 

1860.40 

347.6 

347.6 

3.97 

3.84 

0.0 

+  0.13 

3 

Mildler,!;  Knott,  2 

1861.23 

346.6 

347.1 

3.93 

3.90 



0.5 

+  0.03 

9 

0:i.,  4;  Powell,  5 

1861.38 

348.1 

347.0 

4.11 

3.91 

+ 

1.1 

+  0.20 

3  + 

Miidler,  3  ;  Auwers  — 

1862.28 

346.0 

346.3 

4.01 

3.99 



0.3 

+  0.02 

13,  10 

Dawes,  5-3;   Powell,  3-2;  Miidler,  3  ;   02".,  2 

1863.54 

346.4 

345.5 

3.99 

4.06 

+ 

0.9 

—  0.07 

28 

Ov.,2;  Dembowski.  26 

1864.43 

345.3 

344.9 

4.18 

4.14 

+ 

0.4 

+  0.04 

11 

Senff,  2;    02"..  3;  Dawes,  4  ;  Knott,  2 

1865.54 

344.2 

344.2 

4.36 

4.22 

0  0 

+  0.14 

36,  35 

Dawes,  7-6;  Knott,  3  ;  Dembow.ski,  26 

1866.36 

344.1 

343.7 

4.34 

4.28 

+ 

0.4 

+  0.06 

5 

Senff,  3;   02".,  2 

1867.80 

343.2 

342.8 

4.30 

4.40 

+ 

0.4 

-0.10 

12 

Dembowski 

1868.43 

342.2 

342.4 

4.47 

4.45 



0.2 

+  0.02 

9 

0.  Struve,  2  ;  Miidler,  7 

1869.98 

341.8 

341.6 

4.43 

4.53 

+ 

0.2 

-0.10 

17 

Duner 

1870.74 

342.7 

341.2 

4.54 

4.60 

+ 

0.5 

-0.06 

14 

Dembowski,  11  ;   02".,  3 

1871.43 

340.5 

340.9 

4.87 

4.65 



0.4 

+0.22 

8 

Knott,  3;  Gledhill,  3  ;  "Wilson  &  Seabroke  2 

1872.12 

341.1 

340.5 

4.59 

4.68 

+ 

0.6 

-0.09 

17 

Duner 

1872.63 

340.4 

340.0 

4.61 

4.74 

+ 

0.4 

-0.13 

13 

02".,  3;  Dembowski.  10 

1873.43 

340.3 

339.9 

4.77 

4.76 

+ 

0.4 

+  0.01 

13 

Gledhill,  2 ;   OX.,  3  ;  Miidler,  5  ;  Lindstedt.  3 

1874.64 

340.4 

339.3 

4.97 

4.84 

+ 

1.1 

+  0.13 

5 

Gledhill.  2;    02".,  3 

1875.18 

338.8 

339.0 

4.76 

4.88 



0.2 

—  0.12 

18 

Duner,  14  ;   Gledhill,  4 

1875.36 

339.4 

338.9 

4.83 

4.89 

+ 

0.5 

-0.06 

25 

Dembowski,  1 1 ;  Schiaparelli,  13 

1876.34 

339.1 

338.5 

5.02 

4.95 

+ 

0.6 

+  0.07 

26 

Gledhill,  1 3;  Hall,  4  ;  Schiaparelli,  4  ;  Doberck,  5 

1877.62 

338.0 

337.9 

4.94 

5.01 

+ 

0.1 

-0.07 

22 

Schiaparelli,  14;  Dembowski,  8 

1878.37 

337.1 

337.6 

5.06 

5.06 



0.5 

0.00 

3,  5 

Goldney 

1879.25 

337.9 

337.2 

5.08 

5.12 

+ 

0.7 

-0.04 

13 

Schiaparelli,  10;  Hall,  3 

1880.30 

337.5 

336.8 

5.36 

5.17 

+ 

0.7 

+  0.19 

2 

Burnham 
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t 

Oo 

6c 

Po 

Pc 

tfo-Oc 

Po— Pc 

n 

Observers 

1SS1.44 

33ti°2 

336.3 

5.28 

5.22 

O 

-  0.1 

+0.06 

14,17 

H:ill,0-4;  Big.  14-13 

1SS2.41 

33(!.(; 

335.9 

5.23 

5.28 

+  0.1 

-0.05 

10 

Schiaiiarelli 

18S3.28 

335.6 

335.6 

5.30 

5.31 

o.<.. 

-0.01 

20,  18 

Englt'iiiiinn,  7-5;  Hall,  0-5;  Scliiaparelli  8 

18S4.3S 

335.8 

335.1 

5.34 

5.38 

+  0.7 

-0.04 

17 

Hall,  5;   I'er.  3;   Schiaparelli  9 

1885.35 

334.1 

334.8 

5.32 

5.40 

-  0.7 

-0.08 

19 

C'oiielaiid.  1 ;  H.C.W.,  2;  Schiaparelli,  16 

1886.36 

334.9 

334.4 

5.45 

5.45 

+  0.5 

0.00 

4,  6 

Hall,  4;  H.C.W.,0-2 

1887.38 

334.5 

334.0 

5.50 

5.50 

+  0.5 

0.00 

11 

Schia])arelli,  7;  Hall,  4 

1888.32 

334.1 

333.(5 

5.58 

5.55 

+   0.5 

+  0.03 

9 

Glas.,2;  Hall,  5;  Sfhiaparelli,  2 

1889.40 

333.4 

333.3 

5.56 

5.60 

+  0.1 

-0.04 

11 

Hiiniliain,3;   Hall,  5;  Schiaparelli,  3 

1890.43 

332.8 

332.9 

5.59 

5.64 

-   0.1 

-0.05 

3 

Hall 

1891.44 

332.5 

332.6 

5.70 

5.67 

-  0.1 

+  0.03 

3 

See 

1892.56 

332.3 

332.2 

5.64 

5.71 

+  0.1 

-0.07 

16 

8011.6;  Loavenw.,2;  Coiiist()ck,3;  Big.  3;  Jones, 

2 

1893.44 

332.2 

331.9 

5.65 

5.75 

+  0.3 

-0.10 

11,5 

Si'hiapart'Ui,  6;  Cumstock,  1 ;  Big.,  4 

1894.43 

331.1 

331.6 

5.71 

5.79 

-  0.5 

-0.08 

10,  6 

Comstoek,  2-0  ;  Schiaparelli,  2-0  ;  ISig.,  6 

1895.30 

331.1 

331.3 

5.84 

5.83 

-  0.2 

+0.01 

5,4 

See 

_ 

It  will  be  seen  that  in  this  orbit  the  line  of  nodes  coin- 
cides with  the  minor  axis  of  the  real  ellipse,  which  is  also 
the  minor  axis  of  its  projection ;  and  owing  to  the  small 
inclination  the  apparent  ellipse  is  only  slightly  less  eccen- 
tric than  the  real  ellipse,  so  that  the  foci  of  the  two  ellipses 
very  nearly  coincide.  This  renders  the  motion  of  the 
radius  vector  in  the  apparent  orbit  very  nearly  the  same  as 
in  the  real  orbit,  and  makes  y  Vinjinis  the  best  known  test- 
object  for  the  exactness  of  the  law  of  gravitation  in  the 
stellar  systems.  From  direct  observation  we  are  enabled 
to  say  that  the  principal  star  is  very  nvarlij  in  the  focus  of 
the  real  ellipse,  and  that  if  there  is  any  deviation  from  the 
Keplerian  law  of  areas,  it  must  be  extremely  slight.  There- 
fore the  force  is  certainly  central,  and  if  it  differs  at  all 
from  the  law  of  Newtox,  the  deviation  must  be  relatively 
unimportant.  Other  researches  in  double-star  astronomy 
confirm  the  law  of  gravitation,  and  leave  no  adequate  ground 
for  doubt  as  to  its  absolute  universality.  Yet  a  prolonged 
study  of  the  motion  of  y  Virginis  will  eventually  not  only 
give  a  very  precise  criterion  for  the  rigor  of  this  law,  but 
will  also  throw  light  upon  the  question  of  the  existence  of 
disturbing  bodies  in  binary  systems. 

The  orbit  of  )■  VinjinU  is  very  remarkable  for  its  high 
eccentricity,    which    surpasses    that   of   any  other   known 
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stellar  orbit.  This  characteristic  of  y  Virginis,  which  Sir 
JoHx  Hekschki,  recognized  when  he  declared  the  eccen- 
tricity to  be  "physically  speaking,  the  most  important  of 
all  the  elements"  (Mesults  at  Cape  of  Good  Hopi',  p.  294), 
seems  to  preclude  the  permanent  existence  of  a  third  body 
in  the  system ;  for,  if  a  companion  to  either  of  the  com- 
ponents existed,  its  motion  would  be  affected  by  an  equation 
of  enormous  magnitude,  analogous  to  the  annual  equation 
in  the  moon's  motion,  and  at  the  time  of  periastron  passage 
would  probably  soon  cause  the  body  to  come  into  collision 
with  one  of  the  stars,  or  be  driven  off  in  an  orbit  analogous 
to  a  hyperbola. 

Thus,  although  the  above  orbit  is  exact  to  a  very  high 
degree,  the  system  will  still  deserve  the  occasional  attention 
of  astronomers. 

Since  the  angular  motion  for  many  years  to  come  will  be 
extremely  slow,  observations  of  distance  will  be  more 
valuable  than  angular  measures  in  effecting  a  furtlier  im- 
provement of  the  elements. 

This  is  an  ajipropriate  occasion  to  acknowledge  the  valu- 
able assistance  which  has  been  rendered  me  in  some  of  the 
preceding  computations  by  my  friend  Mr.  J.  W.  Fkoley, 
i\I.  Sc,  recently  a  graduate  student  and  Fellow  in  Astronomy 
at  this  University. 


COXFIRMATIONS  OF  VARIABILITY, 

By  H.  M.  PAUL. 


-Librae  =  S.DM.  -18°3975. 

I  have  observed  this  new  variable,  just  announced  bj' 
Mr.  Skinner,  on  five  nights.  A  very  rough  preliminary 
reduction  of  the  few  observations  of  the  light-scale  stars 
gives  the  following  magnitudes  of  the  variable,  which  are, 
relatively,  fairly  accurate,  and  in  absolute  values  probably 
correct  within  0".5. 


1895  June  24 

11.0 

24 

11.1 

July  10 

11.4 

16 

11.6 

19 

11.7 

Haze  and  moonlight  have  prevented  later  observations. 
Until  further  data,  including  perhaps  some  from  the  Algiers- 
Zone  observers,  are  available,  the  period  must  remain  in- 
determinate. 
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H.C.O.  Southern  Variables. 
Since  the  appearance  of  Dr.  Chandler's  Revised  Sup- 
plement to  his  variable-star  catalogue  [A.J.  347],  I  have 
endeavored,  in  compliance  with  his  wish  therein  expressed, 
to  identify  the  positions  and  confirm  by  direct  observation 
the  variability  of  such  of  the  newly-announced  H.C.O. 
southern  variables  as  are  within  reach  in  this  latitude  and 
are  otherwise  unconfirmed.  Uji  to  date  T  am  able  to  give 
the  following  results : 

551 1.     US  Lilinie. 

For  this   new  variable,  which  is  not  in  the  D.M.  or  the 

CD^r.,  1  have  measured  the  appro.ximate  Ja  and  J8  from 

the  two  preceding  DM.  8". 5  stars,  which  are  Oeltz.-Arg.  S. 

14491  and  14501 ;  and  the  resulting  position  of  the  variable  is 


-22  33.2 


for  1875.0      15  17      1.8      -""  "' 
giving,  for  1900.0      15  18  29. 
Its   variability  has    been   contirmed,   and    the    elements 
determined,  by   Chandler.     Jly   recent  observations,  re- 
sulting from  an   approximate   sn'ioothing  out  of  the  DM. 
magnitudes  of  a  few  neighboring  stars,  give 

1895  July  17  s'.'s 
19  8.4 
28         8.2 


7255.     RT  Sa(iltt<n-U. 
My  observations,  of  what  I  take  to  be  the  star  intended, 
are  as  follows  : 

1895  July  10  l^.l  [bright  moonlight] 

19  8.1 

28  8.2 

30  82 

31  8.2 

There  is  some  uncertainty  about  the  position  and  identity 
of  this  star,  which  should  be  cleared  up.  I  have  tied  the 
star  whose  magnitudes  are  given  above  to  Arg.  Gen.  Catal. 
27749  and  get  the  following  position  : 

for  1875.0      20"    9"'25!5     -39° 29.7 
giving,    for  1900.0      20  11     6        -39  25.2 

and  thus  making  it  [probably]  identical  witli  C.DM. 
-39°13722  [9".7]  20"^  9™  25M  -39°  29'.9  [1875.0], 
although  Dr.  Thome  does  not  give  this  among  his  stars 
showing  discreiiancies  on  different  dates. 

The  original  announcement  of  the  variability  of  this  star 
was  made  by  Mrs.  Fleming  in  A.N.  125 :  366,  where  the 
position  for  1900.0  is  given  as  20i>  9'".4  -39°  29',  or  -1".7 
and  —4'  [about  20']  from  the  position  of  the  star  I  have 
observed.  This  is  considerably  greater  than  the  radius  of 
inaccuracy  indicated  by  Dr.  Chandler  \_A.J.  347]  as  possi- 
ble in  the  H.C.O.  positions  ;  but  it  is  highly  inqiroljable 
that  we  have  here  two  new  variables  20'  apart. 


It  is  evident  that,  in  the  original  announcement,  the 
position  given,  although  twice  stated  to  be  for  1900.0,  is 
really  for  1875.0,  this  supposition  entirely  removing  the 
discrepancy. 

There  is,  however,  a  further  point  which  is  of  more  im- 
])ortance  to  observers  of  this  star.  Close  following  and 
north  of  it  is  another  small  one  whose  coordinates  from 
RT  [from  a  nnigh  measure  on  the  only  night  yet  clear 
enough  near  the  horizon]  are  approximately  z/«  +1".7  , 
M  +20"  [;;  =  45°  ,  s  =z  28"  ,  roughly.] 

As  nearly  as  I  can  judge  while  R2'  is  so  much  the  brighter 
of  the  two,  the  magnitude  of  this  companion  is  about  lOi  ; 
but  this  is  very  uncertain.  As  soon  as  the  variable  falls  to, 
or  below,  the  companion  in  lu'ightness,  inteiuling  observers 
should  tie  the  latter  to  neighboring  stars  of  their  light-scale, 
else  future  confusion  may  result. 

If  my  estimate  of  101  as  the  magnitude  of  the  com- 
jianion  is  anywhere  near  the  truth,  it  nuiy  be  that  the  photo- 
graphic magnitude  10.7,  measured  from  the  H.C.O.  plate  of 
1889  Oct.  14  [A.X.  125:3r)(!]  refers  either  to  this  compainon 
or  to  the  joint  light  of  the  two  stars. 

It  is  possible  also,  though  much  less  pro])able,  that  one 
or  more  estimates  of  the  brightness  and  position  of  this 
companion,  instead  of  R2',  may  have  entered  into  the 
make-up  of  Dr.  Thome's  C.DM.,  -39°13722,  9". 7.  In  any 
case  it  is  evident  that  the  individual  observations  for  this 
star  will  be  of  great  service  in  determining  the  elements  of 
the  variable,  and  I  have  written  Dr.  Thome  asking  him  if 
he  will  kindly  publish  them  and  any  further  information 
that  will  aid  in  the  matter. 


7404.     R  Mirroscopii. 
This    star,   which    appears    to  be  identical    with  C.DM. 

—  29°17235,  9". 9,  has  diminished  rapidly  during  July.  My 
observations,  resulting  from  an  approximate  reduction  of 
the  light-scale  stars  on  the  basis  of  the  C.DM.  magnitudes, 
give 

1895  Julv    9  s!s  [bright  moonlight] 

■  19  9.3 

28  9.7 

30  9.9 

31  9.9 

To  determine  a  position  a  little  more  accurate  than  that 
of  the  C.DM.,  I  have  tied  the  variable  to  Arg.  G.C.  28308, 
and  the  resulting  position  is 

\\         111       9  o         / 

for  1875.0     20  32  2G.4     -29  13.8 
giving,    for  1900.0     20  33  58.       -29     8.6 
The  C.DM.  position,  which    Chandler  has  adopted  in 
his   Revised    Supplement,  is,    for    1875.0,    20"  32'"  26'.9 

—  29°  13'.7.  This  star  vv'as  not  included  by  Thome  in  his 
list  of  those  showing  discrepancies,  but  his  individual  re- 
sults will  be  valuable  for  the  determination  of  the  elements. 


Wii.-ihiii'jfon,  1895  Aiujust  1. 
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OBSHliVATlU.NS    UV   MIXOli  TLANETS, 

MADE   AT   THE    DVDLEV   OBSEISVATOHY, 

By  a.    jay    ROY. 


1895  Albany  M.T. 


No. 
comp. 


Planot 
J//  1 


Jr? 


Planet's  Apparent 

a  i  (] 


log  yi 
foru      I     for  8 


Planet  (372). 


Feb. 
Mar. 


24 

20 

2 

:i 

21 


h  in       s 

10  51     3 

8  24  32 

8  1  20 

7  2     0 

—  o*-          •» 

(  .X            •> 

(  'M        1  I 


1 

G 

9 

6 

3 

7 

4 

o 

5 

o 

G 

I 

-0 

-1 

_2 

+  1 

+  1 


32.07 
41.04 
23.48 
24.07 
11.. ^O 
(1.4.-) 


14.3; 
37.5 
10.9 

1.7. 
4fi.0' 

2.0 


Feb.    2G       9  49  35  7 

Mar.   14       8  39  23  8 

9    2  :u->         9 


(130)  Electra. 
_0     5.53  I    +   1     2.7, 
+  0  23.81       -  2  27.8 
-0  27.39      +   1     4.4 


41 
40 
40 
39 
43 
43 


9  54  15.4G 
9  44  21.56 
9  44  20.93 


30.70 

53.29 

0.87 

53.86 

9.97 

37.42 

(86)  Semele. 


Mar 


14 
18 
30 


11 
11 


.-.4  41 
20  51 
44  .")0 


10 

11 
12 


April  19 
20 

2S 
Mav      2 


10  32 

10  56 

8  47 

9  37 
11 


56 
10 

S 


47  17 


13 

^       1 

13 

6 

14 

7  ,  6 

14 

6 

15 

6 

+  2 


+  1 

+  0 
—  0 


20.86 
22.61 
40.88 


+  0  10.8 
+  2  37.9 
-   G  39.5 


11 
11 
11 


44  .•i4.22 
41  54.50 
33  26.20 


Planet  (380). 


27.01 
."'.I.!  16 
l'.t.71 
46.70 
1.45 


+  11 
+  15 


-,1.1 ; 

4.0; 


•  12  32.2: 

-  1  14.9' 

-  3  10.5 


12  50  59.24 

12  50  12.19 

12  48  2.57 

12  44  35.59 

12  42  6.37 


+  34  20  18.6 

+  33  55  21.1 

+33     2  58.1 

+32  50  24.0 

+  29     2  1G.4 

+  28  50  13.9 


+  14  46  54.7 
+  16  49     5.9 

+  16    111   11'. 5 


+  8  49  42.2 
+  98  39.6 
+   9  57     7.6 


+  4  24 
+  4  27 
4  35 
4  47 
4  53 


+ 


9.3 

22.3 

47.1 

4.6 

6.7 

9.297 
H9.053 
«9.102 
«9.385 
«8.294 
»t8.062. 


»/9.270 
»)9.L'6| 
II'.)  AM 


W9.403 

?i8.828 

8.932 


w8.696 

7.546 

«9.316 

H8.878 
9.299 


Mean  Place-t  for  1895.0  of  Comparison-  Stars. 


0.182 
0.145 
0.190 
0.276 
0.312 
0.318 


0.620 

o.(;oo 
0.593 


0.705 
0.687 
0.678 


0.736 
0.736 
0.739 
0.733 
0.736 


Keil.  to 

Red.  to 

* 

a 

app.  place 

6 

app.  place 

Authority 

1 

h       m       • 

7  44     0.53 

+  2'.24 

+  34 

24 

25.7 

+   7.2 

Astr.  (k'sell.  Leiden 

2 

7  41   .32.15 

+  2.18 

+  .33 

57 

51.1 

+   7.5 

Astr.  Gesell.  Leiden 

3 

7  41    22.25 

+  2.10 

+  33 

7 

1.5 

+   7.5 

Astr.  Gesell.  Leiden,  Paris  9521 

4 

7  42  16.44 

+  2.09 

+  32 

45 

14.9 

+   7.4 

Astr.  Gesell.  Leiden 

5 

7  41  56.61 

+  1.77 

+  29 

1 

23.0 

+   7.4 

Romberg  1757,  etc. 

6 

7  42  29.22 

+  1.75 

+  28 

50 

4.4 

+   7.5 

Romberg  1759,  etc. 

7 

9  54  18.84 

+  2.15 

+  14 

45 

57.4 

-   5.4 

Astr.  Gesell.  Leipsic 

8 

9  43  55.60 

+  2.15 

+  16 

51 

37.7 

-   4.0 

Astr.  Gesell.  Berlin 

9 

9  44  46.17 

+  2.15 

+  16 

48 

12.2 

-   4.1 

Astr.  Gesell.  Berlin 

10 

11  42  31.21 

+  2.15 

+   8 

49 

44.0 

-12.6 

F.4  Virijiii  is 

11 

11  44  14.92 

+  2.19 

+   9 

6 

14.3 

-12.6 

Astr.  Gesell.  Leipsic,  I'.crlin.  etc. 

12 

11  35     4.86 

+  2.22 

+  10 

3 

58.7 

-11.6 

Astr.  Gesell.  Leipsic 

13 

12  49  29.94 

+  2.29 

+   4 

12 

33.5 

-15.3 

Astr.  Gesell.  Albany  4602 

14 

12  48  20.00 

(  +2.28 
■j  -t-2.29 

+   4 

48 

34.1 

(  —14.8 
\  -14.6 

Astr.  Gesell.  Albanj'  4596 

15 

12  40     2.64 

+  2.28 

+   4 

5(; 

31.3 

-14.1 

Astr.  Gesell.  Albany  4560 

For  the  positions  in  the  Berlin  and  Leipsic  zones,  I  am  indebted  to  the  kindness  of  Dr.  ArwEits  and  Dr.  Biu.n 


NKW   YAKIABLE   XEAR    S  VELORUM, 

By  ALEX.  WM.  ROBERT.S. 
a  =  9"  28'"  31"  (1875),         8  =  U°  57'  41". 


The  .star  Cordoba  Z.C.  IX,  2301,  used  as  a  comparison- 
star  for  S  Velorum  {Axtr.  Joiriiul  no.  327,  j).  114.  table  III), 


is  itself  variable  between  tlie  limits  8.1  and  8.5  ma  ,'S.     The 
following  are  the  measures  made  in  the  jiresent  year : 
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is;  I.-) 


No. 

No. 

Mag. 

obs. 

Mas;. 

obs. 

Feb. 

28.35 

8.15 

1 

1895  May 

31.39 

.S.35 

1 

y\-Av 

2.33 

8.15 

o 

June 

1(1.31 

S.45 

1 

4.37 

8.25 

11.31 

8.48 

2 

12.31 

8.35 

14.37 

8.42 

•> 

15.35 

8.35 

15.33 

8.35 

1 

29.42 

S.55 

o^ 

17.36 

8.4(1 

1 

Apri 

I    3.4.5 

8.55 

18.31 

S.K) 

1 

16.27 

8.30 

19.31 

8.. 3(1 

1 

19.41 

8.20 

20.35 

8.30 

3 

26.47 

8.10 

21.32 

8.25 

1 

27.37 

8.15 

22.40 

8.20 

1 

[ay 

10.46 

8.15 

25.32 

8.15 

1 

16.42 

8.18 

12 

26.33 

8.20 

4 

27.34 

8.25 

10 

27.33 

.S.()5 

1 

28.35 

8.35 

28.26 

S.ll) 

1 

29.31 

8.35 

Each  ob.sei'vatiiiii  is  tlic  mean  of  two  measures,  one  with, 
a  direct  and  tlie  othei-  witli  a  iever.sing  eye  piece;  only  two 
compai'ison-.stars  were  u.sed, 

Cord.  Z.C.,  IX.  2157         Mag.     8.05 
2429  8.35 

and  the  latter  of  these  two  stars  seems  to  fluctuate  between 
8.30  and  8.45.  Notwithstanding  this  slight  uncertainty, 
there  can  be  no  doubt  as  to  actual  and  regular  variation  of 
Z.(;.  IX,  2301  between  the  assigned  limits,  in  a  ])eriod  of 
about  65  days. 

The  rise  to  maximum  is  only  half  as  long  as  the  fall  to 
minimum.  I  regret  that  I  have  been  unable  to  secure  any 
observations  of  either  this  star  or  S  Velorum  during  January 
and  February  of  the  present  year,  but  the  weather  during 
these  mouths  was  e.\ceedingly  unfavorable. 


NEW   VARIABLE   IN   LIBRA,    S.DM.  — 18°3975, 

14''  .58'"  14'.7,        — 1S°  lO'.l  (18.5.5). 
■   By  AAROX   N.  skinner,  Assista.nt  Astkoxomeh. 
[Comnuinicated  by  Prof.  W.m.  Harkxess,  Astronomical  Direcror,  Naval  Observatory.] 


) 


In  the  course  of  the  observation  of  the  Washington  Zone 
—  13"  50'  to  —18°  10'  I  have  found  difficulty  in  securing  a 
second  observation  of  S.DM.  — 18°3975  on  account  of  its 
faintness.  This  led  me  to  compare  the  different  estimates 
of  three  adjacent  stars  including  — 18°3975,  to  determine 
whether  the  star  in  question  has  suffered  a  change  in  bright- 
ness.    The  estimates  are  as  follows : 


-Skinner- 


Schonfeld  '94July22  '95  June  10   "95  .hme  22 


S.DM. -18°3965 
S.DM.  -18°3969 
S.DM. -18°3975 


9.0 
8.7 
9.0 


9.1 

8.9 
8.7 


9.1 

8.8 

'  too  faint ' 


9.2 
9.0 


invisible. 


The  instrument  employed  was  the  9-inch  transit-circle, 
in  which  the  limit  for  observing  with  bright  field  is  10". 0 

The  above  comparisons  show  plainly  a  decrease  in  bright- 
ness of  probably  two  magnitudes  between  1894  July  22 
and  1895  June  22  of  S.DM.  -18°3975. 

Through  the  courtesy  of  Dr.  KiisTNEK,  Director  of  the 
Bonn  Observatory,  I  have  received  additional  evidence  of 
variability  from  the  Bonn  observations.  I  quote  from  Dr. 
Kl-stxer's  letter. 

Washinrjton,  B.C.,  1895  J;/,'/.  2. 


"  Ueber  den  (jrt  von  — 18''3075  sind  folgende  Durchmuslerungs 
Zonen  gegangen.  Ich  fiige  dabei  gleich  hnizu  die  Beobaclitungen 
des  benacUbarten  .Sternes  — 18*^3976,  da  diese  zmn  Vergleicli  zu 
beachten  sind. 

1)  ScHoXFEi.D  (am  li-Zoller),  Zone  180,  1877  April  20,  Mond- 
scliein  und  gute  Beleuchtung.     Meist  sehr  schiine  Luft. 

M  h      III    s  o       / 

— 18°397.5        8.5         14  .58  14.7        —18  10.1 
— 18'=3976        0.5  .58  46.8        —IS     6.5 

2)  SCHoNFEi.D  (am  6-Zoller),  Zone  532,  1880  Mai  1,  Meist  sehr 
klare  Luft,  matte  Beleuchtung. 

— 18°3975        niolit  beobachlet,  trotz  dem,  gengend  Zeit  vorbaiidcn. 
-18^3976         10>'         14"'  58'"  4(i-.4         —18'  6''.2 

Der  Stern  — 18'^3975  is  demnacli  an  diesem  Tage  wahrscheinlich 
schwiicher  gewesen  als  — 18°39715 ;  sein  Felilen  ist  jedenfalls  auifal- 
lend.  Seine  Existenz  am  Himmel  nahm  .Scuonfeld  fiir  gesichert 
an,  da  er  audi  in  einer  der  friiheren  von  Thormann  am  Cometen- 
sucher  der  Niirdlichen  Durclimusterimg  beobacliteten  Zonen  vor- 
kommt. 

3)  Thokmaxn  (am  3-Ziiller),  Zone  144,  1853  Mai  5. 
-18=3975        9M         14''.58"'13«        — 18°ll'.l 

— 18=3976     felilt,  was  aber  hier  an  dem  kleinen  Instrumente  nicht 
auffallend." 

This  Star  is  within  the  limits  of  the  Algiers  zone,  and  I 

expect  soon  to  receive  from  Director  TrApied  his  estimates 

of  the  maernitude  of  this  star. 


ON   THE   LIGHT-CURVE   OF   103    T AJ^DROMEDAE, 

By  henry  M.   PARKHURST. 


In  the  paper  of  Mr.  Yexdell  in  A.J.  No.  348,  and  in  the 
accompanying  diagram,  he  has  omitted  to  include  my  ob- 
servations, given  in  No.  347,  evidently  for  the  reason  that 
they  are  given  in  photometric  magnitudes,  and  therefore 
need  reduction  to  his  scale.  Unfortunately  I  have  only 
measured  the  tirst  three  of  his  eight  comparison-stars,  and 
my  observations  agree  with  the  DM.  estimates  in  making 


his  star  a  brighter  than  //.  It  is  therefore  impossible  to 
transfer  from  one  scale  to  the  other  with  accuracy  at  present. 
Comparing  his  third  star  with  the  mean  of  the  first  two,  I 
have  obtained  an  approximate  formula  by  means  of  which 
I  have  reduced  my  ten  observations  from  Oct.  20  to  Dec.  31 
to  his  scale,  show'ing  an  average  deviation  of  0>'.ll  from 
the  curve  of  his  diagram. 
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111  the  absence  of  photoiuetric  results  it  is  conceivable 
that  a  sialo  fouiuhHl  iqiou  mere  estimation  sliould  be  so 
distorted  that  a  linear  light-curve  would  apjiareiitly  become 
curvilinear.  I  have  therefore  plotted  my  observations  upon 
the  photometric  scale,  lirst  in  magnitudes,  anfl  second  in 
photometric  light-units,  with  tlie  result  that  each  shows 
a  marked  curvilinear  form.  It  is  unnecessary  to  reproduce 
these  drawings,  for  it  is  easy  to  judge  of  the  influence  of 
the  scale  upon  tlie  observations  by  another  method.  Re- 
ferring to  Yendell's  drawing,  the  only  possible  question  is 
as  to  the  correctness  of  the  vertical  .scale.  We  have  only 
to  imagine  the  diagram  printed  upon  an  elastic  surface,  and 
expanded,  where  it  is  necessary,  by  a  minute  fraction.  It 
is  manifest  that  there  would  be  no  appreciable  approach  to 


the  linear  form  of  the  light-curve  near  the  vertex.  The 
column  of  light-units  for  the  comparison  stars,  involving 
the  other  mode  of  representation,  does  not  ajipear  to  be 
nsed  in  the  formation  of  the  curve. 

Mr.  Yexdell  has  evidently  overlooked  my  description 
(contained  in  H.C.O.  Annals,  vol.  xviii),  of  my  own  i)hoto- 
metric  apparatus,  with  which  all  the  photometric  observa- 
tions reported  in  my  "  Notes  on  Variable  Stars  "  are  made ; 
for  my  observations  with  the  deflector  do  not  depend  ui)on 
the  comparison  of  two  images.  Each  star  is  extinguished 
precisely  as  with  the  wedge ;  bnt  the  deflector  avoids  im- 
portant sources  of  error  in  the  wedge,  as  I  have  elsewhere 
indicated.     [1LC".<1.  Annals,  vol.  xxix.] 


NEAV   COMET. 


A  faint  comet  i.s  aiiuouneed  by  Swift: 

Aug.  20.9167  Grceinv.  M.  T.  u   =   6°  oo'. 

He  describes  it  as  round,  and  moving  slowly  in  tlie  direction  north  following. 


COMET  a  1895  (swift), 

Observations  have  been  telegraphically  received,  made 
by  Prof.  B.\ux.\Ki)  at  Mt.  Hamilton,  Aug.  21,  Trof.  Wn.soN 
at  Northfleld,  Aug.  23 ;  also  two  later  ones  at  Albany  by 
Prof.  Boss,  Aug.  24  and  25.     They  are : 


Aug.21.8127  Green w.M.T. 
23.8954 

24  12"  58'"  22' Alb.  M.T. 

25  13'' 17"' 14-  •'       " 


0  30  11.4 

0  35     .'!.(; 

0  37     ((.GO 

0  39  16.94 


+  5  38  55 
5  48  49 
5  52  17.0 

+  5  56     2.2 


ELEMEXT.S   AM)   EPHEMERIS   OF   COMET  fl  1895  (MiiiT), 

Bv  LEWIS   BOSS. 


Combining  an  observation  made  at  the  Dudley  Observa- 
tory, Aug.  25,  with  others  received  by  telegraph,  made  at 
the  Lick  Observatory  Aug.  21,  and  at  the  Goodsell  Observa- 
tory, Northfleld,  Aug.  23,  the  following  elements  are  derived. 
T  =   1895  Aug.  24.5.36  Green w.  M.T. 
w  =   17r27!8 


Q. 


=   171  27.8  ) 
=   172  51.0  VApp.  Eipiin. 
i  =       4     9.9) 
log-/   =  0.15736 
Comparison  of  computed  and  observed  places  for  Aug.  23 
(C  — O):     J).  =  —7";  /Jp  =  +2".     The  inclination  points 


to  the  probable  periodic  character  of  this  comet,  but  these 
elements  are  otherwise  necessarily  very  uncertain.  Olbeks's 
method  is  not  applicable  to  this  case. 

Ephemkhis  for  Greenwich  ^MinMi.iir. 


1895 

App.  a 

h        m      8 

0  47  17 

App.  8 

log.  A 

Briglitu. 

Aug.  29.5 

+  6     6.7 

9.7092 

1.04 

Sept.    2.5 

0  55  17 

+  6  13.0 

9.7074 

1.05 

6.5 

1     2  36 

+  6  14.3 

9.7110 

1.04 

10.5 

1     9     S 

+  6  10.8 

9.7218 

1.01 

14.5 

1    14  55 

+  6     3.4 

9.7336 

0.99 

18.5 

1   19  54 

+  5  52.6 

9.752,S 

0.94 

CORRIGENDA. 
Xo.  351,  p.  11.5.  1.  7,    jor    (F— m— 2t'),    put    (F— w— 2t').;        1.8   for    (F— w'- 


-2t')    put     (V 


-■2t'). 
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THE    PERIODIC    SOLUTION^    AS    A    FIRST    APPROXIMATION    IN    THE 

LUNAR    THEORY. 

By  g.  w.  hill. 


The  lunar  theory  may  be  developed  in  either  of  two 
ways.  lu  the  tirst,  the  coefficients  of  the  periodic  terms  in 
the  expressions  for  the  coordinates  are  exhibited  as  finictions 
of  the  elements  on  which  they  dejiend,  the  latter  being  left 
indeterminate.  This  may  Ije  caUed  a  literal  lunar  theory. 
In  the  second  certain  numerical  values  are  attributed  to 
these  elements  at  the  beginning  even  of  the  investigation, 
and  all  the  following  compvitations  are  performed  on  nu- 
merical quantities  so  that  the  final  results  present  the 
mentioned  coefficients  in  the  form  of  numbers.  This  may 
be  called  a  numerical  lunar  theory.  }ioth  these  methods 
of  treatment  are  to  be  desired ;  the  former  having  the 
greater  attraction  for  the  mathematician;  while  the  latter 
recommends  itself  to  the  practical  astronomer  who  wishes 
merely  to  have  the  power  of  predicting  the  position  of  the 
moon.  The  latter  is  also  preferable  on  account  of  the  far 
less  labor  required  for  its  elaboration.  A  literal  theory 
probably  demands  from  four  to  si.x  times  as  much  labor  as 
suffices  for  a  numerical  theory.  The  latter  indeed  has  the 
disadvantage  of  depending  on  values  of  the  elements  which 
afterwards  may  be  discovered  to  need  correction  ;  however, 
this  objection  is  of  very  slight  weight  since  the  literal 
theories  we  already  possess  are  amply  sufficient  for  assign- 
ing the  corresponding  corrections  of  the  coefficients. 

Xearly  all  the  lunar  theories  in  existence  have  been 
elaborated  by  successive  steps  of  approximation  in  which 
the  elliptic  theory  has  been  taken  as  the  starting  point.  It 
ma}'  be  asked  whether  some  labor  may  not  lie  saved  by 
adopting  as  the  first  approximation  the  best  values  attain- 
able for  the  coordinates. 

It  is  well  known  that  the  problem  of  three  bodies  admits 
a  periodic  solution  in  which  the  motions  of  the  two  planets 
about  the  body,  considered  as  central,  take  place  in  the 
same  plane,  and  where  the  eccentricities  peculiar  to  each 
planet  vanish.  It  is  the  object  of  the  present  article  to 
elaborate  this  solution  in  the  case  of  the  moon,  employing 
the  numerical  method.  It  is  very  desirable  that  the  ap- 
proximation in  this  solution  should  be  pushed  to  a  high 
degree  of  precision,  much  more  than  at  first  sight  would 


seem  at  all  necessary,  because,  in  the  further  elaboration  of 
the  lunar  theory  by  this  method,  the  motions  of  the  perigee 
and  node  depend  on  the  values  here  assigned  to  the  coef- 
ficients of  the  periodic  terms. 

In  the  particular  solution  just  mentioned  there  are  only 
four  independent  arbitrary  constants  introduced  by  inte- 
gration. Two  of  these  simply  define  the  phases  of  the 
planets  at  the  origin  of  time,  while  the  remaining  two  may 
be  taken  to  be  the  average  rates  of  increase  of  their  longi- 
tudes. These  four  constants  may  be  denoted  in  their  order 
as  £,  e',  H,  n'.  It  is  expedient  to  eliminate  the  masses  of 
the  bodies  from  the  equations  by  introducing  two  constants 
to  take  their  places;  these  we  denote  by  the  symbols  ",  «'. 
The  masses  of  the  sun,  earth  and  moon  being  severally  de- 
noted by  7».i ,  ?«„  a-iid  m^ ,  the  mentioned  constants  are  con- 
nected by  the  eijuations 

For  convenience  we  adopt  the  notations 


H-    = 


f^  = 


m^+m^ 


For  properly  exhibiting  the  effect  of  the  moon's  mass  on 
its  motion  relative  to  the  earth,  the  sj^stem  of  coordinates, 
where  the  moon  is  referred  to  the  earth,  but  the  sun  to  the 
center  of  gravity  of  the  earth  and  moon,  is  well  adapted. 
Denoting  such  rectangular  coordinates  together  with  the 
radii  as  x,  y,  r  for  the  moon,  and  x',  y',  r'  for  the  sun, 
it  is  well  known  that  the  differential  equations  of  motion 
are 


m.^fi 


d'x 

dt^ 

■dx 

-ay 

dV 
df- 

'SO. 

ox' 

™^'^'  df^  - 

■do, 

dy' 

m,^' 


where  n,  the  potential  function,  is  equal  to  the  sum  of  the 
products  of  everj'  two  masses  into  the  reciprocal  of  their 
distance,  or 


n  = 


Hijjjij      'm„m,^ 


\.^ 


A., 


(137) 
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Tlie  distances  are  given  in  terms  of  the  coordinates  by 
the  equations 

Af..  =   (a-'  +  M-r)- +(*/'  + M//)- 

A:,,   =   [^'-{l-H-M'+i>/'-a-t^)l>y 

\l  ^   —   .,•■-  +  ;/-   =    r- 

The  ratio  ('-A  is  so  small  that  it  is  advisable  to  devflop 
n  in  a  series  of  its  powers.  Thus  is  obtained  as  a  suitable 
potential  for  the  determination  of  the  moon's  coordinates 


m.,^ 


n  = 


+ 


S  being  determined  by  the  equation 

rr'S  =   xx'  +  ?/(/' 
To  get  the  similar  fiiuctiou  for  the  relative  motion  of  the 
sun  about  the  center  of  gravity  of  the  earth  and  moon  it  is 
only  necessary  to  multiply  the  preceding  expression  liy 

iiiifi'         III  [ 
Here,  neglecting  the  first  term  as  inde])endent  of  solar 
coordinates,  it  will  suffice  to  take  the  two  next  following 
and  write 

For  our  purpose  it  is  sufficiently  accurate  to  suppose  that 
the  motion  of  the  sun  about  the  center  of  gravity  of  the 
earth  and  moon  is  circular  and  uniform.  The  various  in- 
equalities have  coefficients  less  than  0".00()2,  and  it  is  easy 
to  see  that  the  effect  of  neglecting  them  on  the  position  of 
the  moon  is  much  less  than  this  quantity.     Therefore,  in 

the  last  expression,  we  can  substitute  for     -^(^S'—i^)    its 

non-periodic  term.  Here  a  rude  approximation  suffices, 
and.  turning  to  PoxTfecouLAXT,  Theorie  Analyflqiie  dii  Sijs- 
teiiie  ihi  Monde,  Tom.  IV,  p.  100,  we  find  that  this  non- 
periodic  term  is 

VI  denoting  the  ratio  of  the  month  to  the  year.  Thus,  put- 
ting 


A-  =  ,  (1  - m)  --«  [i  -  'flV  "i' -  \ i  '«' 
we  may  take  for  the  motion  of  the  sun 


] 


n  = 


M 


l+K-^ 


+  3.1/ A'  —   =   0 


Employing  X'  to  denote  the  longitude,  the  solar  differ- 
ential equations  of  motions  are 
d-r'        _,dl^   ,   .1/ 
7it^  ~  '"   df- 

—     =    7I> 

dt 
As  K  is  an  excessively  small  quantity  its  scpiare  may  be 
neglected,  and  the  ditt'erentinl  ('(piatinns   are  satisfied   by 

the  values 

r'   =   n'{\  +  K)     ,     ;.'   =    -J  +  ii't 

Certain  modifications  can  now  be  made  in  the  differential 
equations  for  the  coordinates  of  the  moon.  Denoting  the 
longitude  by  >l,  let  ^  =  l  —  V,  and  let  t  denote  the  mean 
value  of  the  same,  so  that  t  =  e  — r'+  (n  —  n')t.  Making  t 
the  independent  variable  instead  of  t,  and  putting 
n'  „  1 


B   = 


,n 


nu.'i^ii  —  n')- 

aiid  adoiiting  f  and  (|)  as  the  variables  for  expressing  t\v 
position  of  the  moon,  the  differential  equations  become 
</-■/•         I'dS    ,       \-        dR 


d 
dr 


r[  — ^  +  ni 
dr 


■an. 


As  It  now  contains  no  variables  but  ;■  and  </),  r'  being  con- 
stant, if  we  multiply  these  equations  severally  by  ilr  and 
'/<(),  and  add  the  resulting  equations  we  have  an  exact  differ- 
ential, which,  being  integrated,  gives 


dr 


=   '2R 


■+  2C 


C  being  the  arbitrary  constant.     Tliis  ecpiation  can  lie  sub- 
stituted for  the  second  of  the  former,  and,  if  we  jmt 

a-V  ^  2R  +  mh~+'>C 
the  two  equations  of  the  problem  can  take  the  form 
dh'' 
w'dr^ 

di~  +  i^d^^ 


■  4m—   ~-   =  2V+r—— 
«-  dt  Or 


irdr- 


=    y 


P.y  making  </)  the  independent  variable  we  shall  obtain 
the  advantage  of  having   but  one   equation  to  integrate. 

'•■■' 
We  adopt  >-  as  the  unknown  to  be  determined,  and,  as    — 


differs  from  unity  by  a  small  quantity,  we  put    -r,  =  l  +  ». 

Also,  for  the  same  reason,  we  put     -r-  =  1+v.     Then  our 

d(p 

equations  may  be  written 


d 


du 


d^\\+v  rf(J) 

l  +  «  + 


-4m(l  +  ») 
1        du 


{!  +  ,)  [2V+ 


dV 


-„  =  (1+vrv 


4(l  +  ?0  d^- 
In  order  to  have  small  quantities  to  deal  with  we  put 


V  =   1  +  JV 


2  V+  r 


Vr: 


=   U—im 
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N  and  U  are  then  of  tlie  same  order  of  smallness  as   m^. 

Then  the  ecjuatiuns  which  solve  the  problem  are 

1         dir 


1  +  11  + 


(!+»)=   = 


4(^1  + ii)  (/(/)"- 


1  +  N 


d  r    I      dn 
(/(/)|_l  +  j'   d(^ 


-4ni(«  — I')    =    {\+t)U 

T  =:  (f)  +  /  r(h\> 
It  is  plain  that  the  arbitrary  constant  C,  which  enters 
into  the  expression  for  Fand  thus  into  those  for  iV  and  U, 
is  not  independent  of  those  which  have  already  been  noted, 
viz.:  ((.  <i',  II.  ii';  but,  in  the  numerical  method,  we  do 
not  need  to  know  its  expression  in  terms  of  the  latter,  we 
simply  assign  to  it  such  a  numerical  value  as  will  make  the 
non-periodic  term  of  r  vanish  in  the  periodic  development 

of  the  latter  as  a  function  ot  4>.  As  ^;r  is  nearly  equiva- 
lent to  —1,  the  expressions  for  jV"  and  T^  will  be  simplitied 
if  we  replace  it  by 

1  _,ii:_2(l-|-ni)-+  C 
where  the  new  C  is  a  quantity  of  the  order  of   ni". 

'With  these  modifications,  if  we  adopt  the  following  no- 
tation for  certain  constants, 

r 


'h    =     {^-!'-')^'zi^ 


a,   =    (l-,/)(l_2,a)m'^--,-^ 

u,   =    (l-,,'){l-3..  +  3!?)m^~~ 

a,   =    (!-,,')  (l-4,a  +  6,a-^-V)m^J,'^J 

the  expressions  of  the  functions  N  and  U,  in  terms  of  u 

and  <|),  are 

N  =    C  +  2(l  +  m)=[(l  +  M)-'^^'-l]  +  mhi 
+  «i(l  +  M)[|cos2(J)+^] 
+  «o(l  +  M)'"[icos3(;)  +  5cos(;)] 
+  «3(1  +  m)-  [§|  cos4<;)  +  f  cos 2<|)  +  jSg] 
+  «4(l  +  i()^'-[SiJ  cos5(;)  +  §j  cos3(;)  +  Jf  cos(f)] 
+     ....' '   . 

U  =   2C  +  2(l  +  m)=[(l  +  ?0""--l]  +  4m-« 
+  4,<i(l+rt)[aeos2</)  +  ^] 
+  5a.,{l  +  uy-  [J  cos3(|>  +  f  cos(|)] 
+  6a3(l  +  M)'[3f  cos4<f)  +  Jcos2<J)+^j] 
+  7((^{l  +  uy'-  [ff  cos5</)  +  ||  cos3(()  +  ^jcos(^] 

+ 

From  these  expressions  it  will  be  seen  that  if  the  numeri- 
cal value  of  N  has  been  obtained  through  the  first,  that  of 
U  immediately  results  by  summing  the  several  terms  of  N 
multiplied  by  simi)le  integers. 

The  coefficients  in  the  periodic  solution  here  treated  are 
functions  of  three  independent  constants,   which   may  be 


a., 


taken   to  be     m,  -  ,  and  ,a.     The  values  we  assign  to  them 
a' 

are 

m  =  0.0808489338,     '\  =  0.00257  3G03  ,     /,.  =  ^J., 

The  first  is  so  approximate  that  it  will  scarcely  need  cor- 
rection. The  second  corresponds  to  the  value  8".8  of  the 
constant  of  the  solar  parallax,  which  is  adopted  simply  be- 
cause it  is  a  round  nvimber.  The  third,  which  results  from 
the  principal  constants  of  nutation  and  precession,  is  almut 
as  close  a  value  as  at  present  can  be  assigned  to  this  con- 
stant and  at  the  same  time  be  expressed  in  few  figures. 
The  connected  constants,  which  are  functions  of  these,  have 
the  values: 

/''    =    Ti25k-?.3      .      ^'^  =    0.00000  OOIS.S 

"a,  '=  0.00C53G529.S1(; 
=   0.0(1001  (;4M(il6 
=  0.0001)0  00417  39 
u,  =  0.00000  00001  OC) 
The  ap})roximate  value  of  v,  to  be    substituted    in    the 
differential  equations,  and  aftei'wards  corrected,  will  be  ob- 
tained from  the  results  given  by  ]\[r.  Ernest  W.  Khowx 
and  myself  (Anier.  Jour.  Mnfli.,  Vols.  I  and  XIY).      After 
correcting  the  numbers  to  make   them  correspond  to  the 
adopted  moon's  mass  and  the  constant  of  solar  parallax,  we 
have 

""   =  0.99909  30780 
a 

'  1+0.00028  81065  cos    t 

—  0.00718  00404  cos2t 
—0.00000  75187  cos3t 
+  0.00000  60337  cos4t 

—  0.00000  000.34  cosot 
+  0.00000  O0.>2(;  cos6t 

0.00001)00000  cos7t 
+  0.0000000002  cos8t  ^ 

—  0.0006102619  sin  r' 
+  0.0102115492  sin2T 
+  0.00000  72231  sin  3r 
+  0.00000  57245  sin  4t 
+  0.00OO0  00O5S  sinSr 
+  0.0000(100275  sin  6t 

0.0000000000  siu7T 
+  0.00000  00002  sin8T 
By  computing  the  special  values  of  these  functions  and 

thence  those  of    -,     and  A  — t  for  the  thirteen  values  of  t 
a' 

evenly  distributed  from  0°  to  180%  and  then  applying  the 
formulas  for  deriving  periodic  series  from  special  values  to 

the  latter,  we  get 

0.00173  50214 
+  0.00056  71290  cos    t 
-0.0143341815  cos2t 

—  0.0000108564  cos3t 

—  0.0000142655  cos4t 

—  0.000(10  00213  cos5t 

—  0.00000  00366  eos6T 
—0.00000  00004  cos7t 

0.0000000000  cos8t 


—  cos  (<f>  — t)    = 


J 


sin(<;.-T)    =    <| 


a- 
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'  -   125.73648  siu    t  "l 


<i,-T     =      ^ 


+  2106.27394  sin2T 

+  o.7;u;<;3  siu  or 

+  S. 741 77  sin4T 

+  0.00765  sin  5t 

+  0.04S'.)S  siiiOr 

+  0.OOOO8  .siii7T 

+  0.00031  sin  St 


The  second  of  these  equations  must  now  be  reversed  so 
as  to  exhibit  t  as  a  function  of  <|),  and  tl»e  riglit  member  of 
tlie  first  changed  into  a  fimction  of  the  same  variable. 
This  is  accomplislied  through  the  metliod  of  special  values, 
or  by  an  application  of  Laokanc;k"s  Theorem.  For  con- 
venience, exhibiting  the  first  in  terms  of  the  r;i(liaii.  we  get 

+  (1.00061 -*(;17;5  sin  J," 
-0.01021  12121  sin2<i) 
—0.00001  L';»;;97  sin  3(|) 
_  ,  J  +0.00006  lcS7y7  sin  4</) 
—  <P  +  -|  +0.00000  01885  sin  5<J> 
— O.O0O0O05352  sin64> 

—  0.00000  00028  siu7<i) 
+  0.0000000055  siu  8^ 

-0.001SS156".)1 
+  0.00057  84401  cos  (f) 
- 0.01 43.S  26460  cos  2^ 
— 0.00002  2()09y  cosSiJ) 
+  o.oO(ii;>207.'i3  cos4<i) 
+  0.00000  04284  cos  5(1) 

—  0. 00000  i;!78y  cos  6^ 

—  (),oiiO(Mn)oo70  cos 7(1) 
^  +0.0000000156  cos 8(i> 

From  the  latter  ecjuation  we  derive  the  followin.ij  special 
vahies  of  u  and  its  differential,  the  first  to  11  decimals,  the 
second  to  10. 


N 


dit 

o 

u 

I4, 

0 

-1552725350 

0 

15 

-136851204  8 

+  1377  95258 

30 

-  86119787  7 

+  241449781 

45 

-   158  89281  4 

+  2829  74425 

60 

+   5")2  937120 

+  247832319 

75 

+  1076  30147  8 

+  141913080 

90 

+  1258  45447  0 

—      64  84608 

105 

+  1043077580 

—  1540  57776 

120 

+  490  528990 

-257813247 

135 

—  24383254  6 

-290165947 

150 

-   961  31  .'565  3 

-2458  99497 

165 

-1477083110 

-139870662 

180 

-166397567  0 

0 

In  order  to  make  e  have  0  for  its  non-periodic  term, 
we  discover  that  the  proper  value  for  our  second  C  is 
—0.00691 79735  5.  With  this  value  we  determine  the  values 
of  N  with  11  decimals  and  of  »•  with  10,  as  follow  : 

i)  +242362364  7  -191)034362 
15  +2077  04404  1  -169981270 
.30     +1126  28190  9      -   980  20757 


45 

-    181 

26557  4      +      2121791 

CO 

-1497 

244151)      +104208441 

75 

—  2461  i;!!l2."i(;      +17;);)708I2 

90 

—  2801  8X479  '.1      +20{;7  32>S.")0 

105 

—  2420  67794  5      +17(;2  32100 

120 

-  142L 

31459  5      +   973  86650 

135 

-     81411175     -     70  74.302 

150 

+  1241 

282061      -108(;15C,03 

165 

+  2199  4.S222  6      —  ISIL'72120 

180 

+  2548  2(  )01 2  6     -  2075  28823 

The  values  of 

U  witl 

1. 

11  deci  nulls  are  : 

U 
+  557526()77  1 

0 

0 

15 

+  4848.'!434(;5 

30 

+  28518>.l('>;!7  7 

45 

+    l(MI41OO03 

60 

—  2(i76'.»5407  9 

75 

-4720  172063 

90 

-54.-)4(;2497  2 

105 

-4670  639593 

120 

-2591362106 

135 

+  20239483  6 

150 

+  2954066349 

1(15 

+  4944151269 

ISO 

+  5667  66586  5 

When  these 

values 

are   substituted    in   the  ilitferential 

equation 

1  r    1       ,i„~\ 

4i„ (,,_,.)  _  (l+,.)6'  =  0 


d 
T4, 


1+i 


(In 
74> 


the  left  member,  instead  of  becoming  0,  takes  the  value,  in 
the  periodic  form, 

438  +  171.0  cos  (|)  +  1270  cos2(^- 214  cos  3(1) +  100  cos  4({> 
-23  cos  5(f)  —  44cos6(|)  —3  cos  7(f)  —  62cos8(/), 

where  the  coefficients  are  noted  in  units  of  the  10"'  decimal. 
A  second  trial  has  been  made  with  this  differential  equa- 

ti(m  by  substituting  in  it  the  value 

-0.O0188 16351 
+0.00057  82699  cos 
-0.01433  26793  cos 

—  0.00002  261 22  cos 
+  0.00(113  20725COS 
+  ().(Ki(i(i(i(il277cos 

—  0.000(1(1  i;i727cos 

_().(!( )()(!(  MM  1(170  cos 

+  0.000(10  (10 153  cos 
+  0.000(10  00001  cos 

—  0.00000  00002  COS  10<|) 

Precisely  as  in  the  first  trial  it  is  found  that  C  = 
—  0.0069181146  9,  and  that  1;  in  units  of  the  11'"  decimal, 
has  the  special  values 


4> 
24, 

4^ 
5(J) 
6(/) 
T4> 

S4> 

94> 


o 

0 
15 
30 
45 


-1960365199 
-1699833664 
-  980  225781 
+     21235238 
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1' 

60 

+  1042  97S()(),S 

75 

+  1799  71)605  7 

90 

+  2067  3315(10 

105 

+  1762  3289(11 

120 

+  973S7S13  5 

135 

—  7(t7;!()27  3 

150 

-1(),S6142(;.S3 

1(;5 

-1812  7()(iS61 

180 

-207527315  3 

The  value  of  the  left  member  of  the  differential  e( [nation, 
instead  of  becoming  0,  is,  in  the  developerl  periodic  form 
(the  coefficients  in  nnits  of  the  11"'  decimal) 

+  2742  6  +  37  cos  (|)  +  2170  3  cos  2(/,  +  1818  cos3<|) 

+  2707  cos  4(^  +  1501  cos  5<l>  -  2199  5  cos  6((> 

-  27  cos7<|)  +  969  cosSc/)  +  63  cos  9<^  +  182  cos  10.[> 

In  order  to  discover  the  correction  of  the  substituted 
value,  it  is  necessary  to  form  the  eqvuitions  to  variation  of 
the  two  differential  equations  of  the  problem.  Here  we 
must  attrilmte  a  variation  SC  to  the  constant  C  as  well  as 
the  variation  iVh  to  u.  Differentiating  the  expressions  for 
N  and  U  with  respect  to  u  we  get  as  the  special  vahies 


dN 

dU 

^ 

du 

du 

o 

0 

-1.17634 

-1.11732 

15 

1.17433 

1.11928 

30 

1.16878 

1.124(j0 

45 

1.16126 

1.13188 

60 

1.15375 

1.13914 

75 

1.14836 

1.14449 

90 

1.14654 

1.14654 

105 

1.14888 

1.14487 

120 

1.15478 

1.13999 

135 

1.16273 

1.13329 

150 

1.17062 

1.12656 

165 

1.17636 

1.121(;3 

180 

-1.17848 

-1.11984 

From  these  are  readily  determined  the  special  values  of 
Si\  and,  if  we  put 


S,'  =   FSC+  GSii+H 


d.Sii 

"d^ 


<!> 

F 

G 

n 

o 
0 

—  o.47.s(;o 

+  1.06092 

0 

15 

0.4SI.W 

1.0(;.'!74 

+  0.00348 

:;(» 

o.4s;(."'>9 

1.07154 

o.oooos 

45 

0.50101 

1.0.S251 

0.00710 

60 

0.51290 

1.09403 

0.00619 

75 

0.52184 

1.10281 

+  0.00.'i53 

90 

0.52505 

1.10599 

-0.00016 

105 

0.52144 

1.10257 

o,on;i84 

120 

0.51216 

1 .093(>7 

o.oo()44 

l;!5 

o.5(ioor) 

1.081'01) 

0.00728 

150 

0. -18851 

1.071  OS 

0.00620 

165 

0.48038 

l.OC.'i.'U 

-0.00354 

180     -0.47746     +1.06057 


l'>y  writing  the  variation  of  the  differential  equation  thus 


d 

d4> 


1 


da 


■    1       d.Su 


lif 


L8C  +  3/du  +  F 


d.  Su 

d(j>    , 


we  get 


'l> 

L 

M 

P 

0 

0 

+  2.(f884 

-1.05506 

0 

15 

2.()'.)84 

1.06930 

—  0.00096 

30 

2.1248 

1.10615 

0.00179 

45 

2.1620 

1.15771 

0.00229 

60 

2.2005 

1.21071 

0.00217 

75 

2.2294 

1.25039 

-0.00131 

90 

2.2398 

1.2C.4S3 

+  o.oo()(i(; 

105 

2.22.S2 

1.24971 

0.00142 

120 

2.1il84 

1.20971 

0.00225 

135 

2.1593 

1.15685 

0.00234 

150 

2.1218 

1.10567 

o.ool,s2 

165 

2.0953 

1.06921 

+  0,00097 

180 

+  2.0858 

-1.05608 

0 

ri.00010-62  cosA  +  2043  cos2<^  +  3  cos3<|)  +  6  cos4</)]  --,,- 

d(f)- 


Ey  substituting  the  periodic  developments  which  corres- 
pond to  the  special  values,  this  eqxiation  may  be  reduced  to 
the  form 

,  d'-Sii 


+  [121  sin<f)-6957  sin2<;)-12  sin3(|)-20  sin4<|.] 


d.Su 

If 


+  [1.15885  +  93  cos(|)-16644  cos2(|)-45  ms^  +  266  coHi<l>]8u 
=  [2.16208  +  137  cos(|)-10493  cos24,-35  cos3<f)  +  268  cos4<f.]5C 
+    residual. 


in  which  the  numerical  coefficients  are  all  to  five  places  of 
decimals.  In  this  we  substitute  the  periodic  series  with 
indeterminate  coefficients 

Sii  =   a„  +  (/[  cos  (fy  +  a.,  cos  2(^  +  ttj  cos  3i|)  +  ... 
and  equate  to  zero  each  coefficient  of   the  cosine  of  the 
multiple  of  <f),  and  thus  oljtain  a  grou])  of  equations  deter- 


mining the  a.     As  the  non-periodic  term  of  dr  should  van- 
ish, this  furnishes  the  equation  determining  SC, 
-0.50104  cSC+1.08284«„+20«i-1849a,-6«3+47«,  =  0 
where  again  the  coefficients  have  all  five  decimals. 

After  the  elimination  of  8C  the  group  of  equations  deter- 
mining the  a  in  the  first  trial  are 
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-3.ol4«o  +0.02529.(., 


+   438       = 


-0.002<<„  +0.10010,,,  +0.00038«.j-0.000((, 
+  0.oriO,»„  -2.844     II.,  -0.108     n] 

-0.1 

—  0.003  ((„ 


.'(vS,/,  +0.003'( 


171.0 
1270 
'.84«.,  -214   --=  0 
0.1'.)4(,.'  -14.84,,j  +100   =  0 
0.28  «",  -23.84«j  -   23   ='0 
'  _34.S4«„  _   44   =  0 


Tlie  Hiial  terms  of  these  eciuatinns  are  in  units  of  tlie 
tenth  decimal.     Tlieir  solution  leads  to  the  values 
a„  =  +128,  «,  =  -1707, ',..  =  +449, «,  =  0,    a,  =  +1 
a,=  -      !,«„=-        1.";=       0.«,  =  -l,iiC=  +258  5 
The  equations  determining   the   it  for  the  second  trial 
differ  only  from  those  foi  the  first  trial  in  having  different 
absolute  terms,  and  their  solution  gives  the  values 
«„  =  +78(5.1,  «,  =  -8.0,  II..  =  +780.3,    «,,  =  +     23.4 
,1,  ^  +      8.7,  a,  =  +6.0,  «„  =  -   03.2,    «,  =   -        0.1 
„,  =  +     1.5,  «„  =  +0.1.  «„,  =  +     0.2,  lie  =  +1(170.2 
When  these  eorrections  are  apiilii'd  severally  td  the  en- 
etticients  of  the  ai)iu'oximate  vahies  of  n  emiiloyed  in  the 
two  trials,  the  results  are  two  values  of  u  wliii-h  dift'eronly 
in  their  three  first  coefficients  by  2  and  ;i  units  in  the  tenth 
deeimal,  the  followinj,'  eoiiicidin.i;-  exactly.     We  give  then 
only  the  result  of  the  .secontl  trial,  which,  as   it  has  been 
made  with  more  care,  is  to  be  preferred. 
_  0.0(1  ]SS  ir).">C.5 
+  ().(Mi(i.")7S2(l'.tl  cos      4> 

—  O.0M:i;iL'(iOl3  eos    24> 
_(i.(UMMi:.' 20(10'.)  cos    3</' 
+  ().0(H)i;-i 20734  cos   44> 
+  ().0()(i()()()4L'83  cos    54>    - 
-(t.OOdltO  13790  cos   6^ 

—  0.00000 ()()(»7()  cos  7<j) 
+  0.00000  001.55  cos  8<|) 
+  (I.O(IO(.)( »()()( 101  cos    9'i) 

—  O.OUOOO  00002  c-oslO<|)  ^ 
The  values  of  C  from  the  two  trials  also  agree  well,  they 

are   C  =    -0.00G91  749770,     C  =    -0.0(1691 749767. 

To  derive  from  the  just  given  expression  the  coordinates 

of  the  moon  as  functions  of  the  time  it  is  necessary  to  have 

tiie  correct  value  of  v.     This  is  obtained  by  computing  the 

correction  dv  to  be  added  to  the  values  of  >■  in  the  second 

trial.     We  employ  the  equation 

.  d.du 


w   =    -{ 


(V  =   FdC+  Gdu  +  H 


rf<J) 


The  principal  results  obtained  are.  in  luiits  of  the  tenth 
decimal. 


d.Su 

? 

8u 

d9 

8r 

0 

+  15.35.0 

0 

+  829.3 

15 

147.5.5 

-   523 

763.7 

30 

1220.5 

1448 

+  481.4 

45 

7.->2.8 

I960 

-  35.6 

60 

305.0 

1301 

5.30.8 

75 

99.8 

—   308 

7(J2.5 

90 

80.0 

.  +     37 

7S8.3 

105 

128.2 

406 

731.0 

120 

+   350.0 

+  1367 

-481.3 

o 

135 

l.-)0 

165 
18(1 


+  805.1 
]24().5 
14.-.4..-) 

+  i-4;i3.o 


d.Zu 
ilo 

+  1910 

12.SS 


+  22.1 
511.3 
74;i.l 

+  78(i.l 


When  the  corrections  in  the  last  column  are  aiijilied  to 
the  mentioned  set  of  values  of  r  and  the  i)eriodie  develop- 
ment of  this  quantity  derived,  we  get 

+  o.o(H)(;i  24.'!  151  cos    (/> 

—  0.02042  21 .')( i< •  4  cos  2(i> 

—  0.( H )( M i:!  SSl  75  1  cos 3<)) 
+  0.00(  124  75 1921  cos4(/) 
+  0.00000  09433  5  cos5<|) 
_o.ooooo;!21693  cos6</i 

—  0.00000 00 ISC) 3  cos7<ii 
+  (i.(H)()(Mi(io4.'!.3  7  cos8(/> 
+  0.()(l(  1(1(100002  3  eos9(/) 

—  O.00OO0OO0O62  coslO(|)  ^ 

The  integration  of  this  expression  gives 


> 


'  +   1 

2(;.32369  sin    i,    ~\ 

—  2106.21697  sin2(|) 

— 

2.66890  sin3<f' 

+ 

12.76362  sin4(/) 

r    =    </.  +  . 

+ 

0.o;!S'.(2  sin5(/) 
().llo.-.9  sin6<|) 

(».ooo."i5  sin7</> 

+ 

0.00112  sin8</) 

+ 

0. Ml]  sin9<;) 

L- 

O.ooiiol  sinlO(|)  ^ 

From  this  formula  are  derived  the  following  correspond- 

ing values  of  t  and  </) : 

15°  17     8.75()40 

c 

15 

30 

30  29  29.5.->(;i6 

45 

45  33  37.S6.S24 

60 

60  28  27.6(;264 

75 

75  15  23.69115 

90 

89  57  53..5S14(; 

105 

104  40  32.45790 

120 

119  27  54.()24.-.3 

135 

134  23  25.41221 

150 

149  28  2(;.2;i(;(;o 

165 

164  41  47.23948 

From  these  special  values  we  derive  the  periodic  develop- 
ment of  4>  i'l  terms  of  t  : 

'  -  12.5.68900  sin  t 
+  2106.27704  sin  2t 
+        0.73711  sin  3t 


4> 


+     \ 


;. 


+        8.74182  sin  4t 
+        0.00763  sin  5t 
+        0.04902  sin  6t 
+        O.O(Mi06  sin  ~T 
+       0.O0032  sin  8t  J 
A  comparison  of  this  formula  with  the  corresponding 
one  employed  at  the  outset  shows  that  the  coefficient  of  the 
parallactic    inequality  in    tlie  latter   needs    the  correction 
+  (y'.0375. 
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AstroUoiuers  have  been  accTistoiued  to  employ  the  func- 
tion  -   of  the  nioon'.s  radius.      In  order  to  olitain  tliis  we 
r 

substitute  the  just  given  special  values  of  i()  in  the  expres- 
sion for   —  in  terms  of  if; ;  then,  bv  extracting  the  square 
a- 

root  and  taking  the  reciprocal,  \vi>  have  the  fullowing  spceial 
values : 

ri 


0  1.1)(»7S.-).")L'S1'.I 

15  l.U(l(;S7S275(; 

30  1.0(1422  8(51 49 

45  1.()0(>C)5  67204 

60  0.99714  55263 

75  0.994(;;!  05661 

90  0.99376  632()S 

105  0.9947S  25258 

120  0.99743  74708 

135  1.00106  63735 

150  1 .00472  62613 


T 

a 

o 

1 65 

1.00742  99059 

ISO 

1.00.S42  50531 

Theiu-e  we  have  the  following  periodic  development : 

1.00090  73946 
—  0.0002.S  72775  cos  t 
+  0.0071 8  (■)5934  cos2r 
+  0.00000  23529  cos3t 
+  0.00004  58501  cos4t  y 
+  0.00000  00385  cos5t 
+  0.00000  o;;269  cosOt 

+  (1.00000  00001  uos7t 

+  0.00000  ((OOL'5  eos8T  _, 
The  coefficients  of  the  exiiressions  for  A  and  -  may  be 
trusted  as  correctly  correspimding  to  the  assumed  values  of 
the  three  elements,  m,  —  and  /;,  to  within  a  very  few  units 
of  the  last  decimal  noted. 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET  a  1S95  (sm-ift,  Any.  20), 

MADE    WITH   THK    12-INCn    EIJIATOKI AI.   OF    THE    I.ICK   OBSEK VATlir.Y, 

By  E.  E.  BARNARD. 


No. 

#- 

-  * 

#'sa 

ppareiit 

log 

pA 

189.5  Mt.  Hamilton  M.T. 

* 

Comp. 

Ja 

jS 

a 

s 

for  a 

tor  ,5 

Aug.  21 

ll           111          S 

11  23  44 

1 

12,4 

III          S 

-0  21.42 

-   8  30.3 

ll         111          s 

0  30  11.41 

+  5  38  54.9 

M9.5315 

0.692 

■)•> 

11  16  41 

1 

12,4 

+  2     0.37 

-   3  29.9 

0  32  33.21 

+  5  43  rjo.B 

?i9.542 

0.686 

23 

11     7  54 

1 

6  ,5 

+  4  19.23 

+   0  49.0 

0  34  52.09 

+  5  48  14.5 

7*9.549 

0.687 

24 

12  36  22 

1 

8,4 

+  6  44.80 

+   5  18.4 

0  37  17.68 

+  5  52  44.1 

W9.338 

0.670 

26 

11  45  59 

2 

9 

-0  23.02 

0  41  3.S.18 

M9.459 

12     2  24 

2 

3 

-10  59.3 

+  5  59  28.6 

0.672 

27 

11  51  18 

2 

14  .5 

+  1  46.04 

-  8     5.2 

0  43  47.27 

+  6     2  22.9 

.M9.459 

0.675 

3Iean  Places  for  1895.0  of  Comparison- Stars. 

-ic 

a 

Red.  to 
app.  place 

8 

Red.  to                                                .      ,       .. 
app.  place                                          A.itlionty 

1 
2 

ll           Ml           S 

0  30  29.58 
0  41  57.90 

(  +3^25 
1  +3.29 
J  +3.30 
\  +3.33 

0        t      It 

+  5  47  3.4 

+  6  10  5.2 

f  +21.8 
1  +22.2 
(  +22.7 
"(  +22.9 

R.  H.  Tucker,  meridian  circle 

A(W.  Bes.sel,  0,  689  + Yarnall  (F)  393) 

The  star  no.  1  is  DM.  .5°76.  This  and  .5°77  are,  by  a  typographical 
error  in  the  DM.,  given  2'"  too  small  in  R.A. 

This  comet  is  large,  some  (i'  in  diameter ;  very  feebly  brighter  in 
the  middle,  and  round.  Though  from  it.s  size  it  is  visilile  in  the 
oi-inch  tinder,  it  is  faint  and  diiiused  in  the  12-inch,  and  ditlicult  to 
observe  accurately. 

It  is  in  physical  appearance  a  typical  class  I  of  the  short-period 
comets,   much   resembling  Encke's  comet  at  its  last  return,   and 


d'Aeuest's  comet  in  1890.  From  its  physical  appearance  I  should 
say  that  it  is  a  short-period  comet. 

Professor  TrcKEi:  very  kindly  observed  the  comparison-star  with 
the  Lick  (Observatory  meridian' circle;  about  three  hours  after  the 
comet-measures.  We  have  thus  an  excellent  place  for  the  star.  Tie 
has  supplied  me  with  liotli  the  apparent  and  mean  place  of  the 
star. 

Aug.  27.     Comet  extremely  faint ;  sky  thick. 


OBSERVATIONS   OF   CO]N[ET  a  1895  (sii/fd, 

MADE    WITH    THE    HS-IXCU    EQUATOKIAI.    AND    FII.AIl    MICRO.MKTEI!    AT    GOODSEI.I.   OliSEl; V ATor.V,    .XOETHFIELD,    MINX. 

By  H.  C.  WILSON. 


ISO.-,  Northtield  M.T. 

* 

No. 
Comp. 

Ja 

-* 

jS 

S^'s  apiiareiit 

1           8 

for  a 

pA 
for .) 

Aug.  23     15  16  50 
25     14  29  19 
28     12  39  56 

a 
b 
d 

27,6 

12,  6 

8,  6 

111         S 

+  0     0.66 
+  1   36.59 
-1  31.65 

-o'  ss's 

-3  45.8 
-1  39.9 

h         111       s 

0  35     3.59 
0  39  30.85 
0  45  45.95 

+  5  48  49.0 
+  5  56  19.2 

+  6     4  27.2 

8.974 

8.124 

.«9.241 

0.741 
0.739 
0.741 
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Mean  Places  for  1S05.0  of  Comparison-Stars. 


a. 


Keil.  Ic) 

api>.  place 


I      Keil.  to 
I   app.  place 


Autlioritv 


ii 
h 

c 

d 


tl  lit  S 

0  34  59.66 
0  37  50.96 

0  33  51.94 

0  47  14.26 


+3.27 

+  3.30 

5  +3.27 

I  +3.31 

+  3.34 


+  5  49     5.2 
+  5  59  42.5 

+  6     0  24.1 

+  6     5  43.9 


+  22.3 

+  22.5 

(  +22.2 

I  +22.5 

+  23.2 


Mua-ometer-coniparisoii  with  <• 
Mici-ometer-compai'ison  ^vitli  <■ 

Bonn  VI.  +5°88 

Sehjellenip,  303 


ith 


Star  a  was  of  the  tenth  magnitude,  antl  was  oouipareil  inicronietrically  with  DM.  5°87  :     Ja  =  +1'"  12".(i0:   J8  =  —11'  8".-t;     w 
Bonn  VI,  ^"SS:     J8  = +1'"  ■".72:  J8  =  — 11' 1S".8:     an.i  witli  DM.  5-9."):     Ja  =  — 2'"  .-)1M0;  JS  =  — 10' 37M. 

Star  6  is  DM.  .5'=95,  and  was  ooiupared  microinetrically  with  Bonn  VI,  .")^88:     Ja  = +3'"  oO'.OO;  JS  =  — 41". 0.     The  measures  liave 
been  corrected  for  refraction.  

OBSKRVATIOXS   OF   COMET  a  1895  (swift), 

MAI>K    -VT   THE    DIDLEY    OBSERVATOItY,    AI.UAXY, 

Bv  LEWIS   BOSS. 


1895  AU.any  .M.T- 

* 

No. 
Comp. 

da 

-* 

j8 

*  S^'s  appari^nt 
a            !              S 

log/)  .A 
f or  rt            f or  r1 

h        III       s 

Aug.  24     12  58  22 

1 

6 

III         s 

-0  53.47 

-7  47.9 

It           III         6 

0  37     0.66 

+  5  52  17.0 

«9.202 

0.725 

25     13  17   I  1 

1 

10 

+  1   22.79 

-4     2.8 

0  39  16.94 

+  5  56     2.2 

«9.088 

0.723 

31     15  51   17 

'> 

i 

-1      5.61 

-7  37.3 

0  51  50.43 

+  (!     9  22.9 

9.269 

0.724 

Sept.    3     13  20  40 

3 

11 

-1   17.79 

-1  47.0 

0  57     5.62 

+  6  10  41.4 

«8.921 

(1.719 

Mean  Places  for  1895.0  of  Comjmrison- Stars 


* 

a 

Ked.  to 
app.  place 

8 

Hed.  to 
app.  place 

Authority 

1 

2 
3 

h           !ll         6 

0  37  50.85 

0  52  52.44 
0  58  19.98 

S  +3^.28 

1  +3.30 

+  3.40 

+3.43 

+  5  59  42.5 

+  6  16  36.5 
+  0  12     4.4 

(  +22.4 

\  +22.5 

+23.7 

+  24.2 

Yaniall  359 

Mayer  34 

Glasgow  259,  I'ai-i.s  1366,  Gotlia  16 

riace  of  star  2  deduced  with  pr.  m.  +0-.002,  — 0  ".02  from  many  catalogues. 

On  .Septembers.?  the  correction  of  tlie  ephemeris  (^4../. 3.52)  was  — 24"  and  — 3'. 6. 


AUGUST  METEORS, 

Bv  EDWIN   F.  SAWYEK. 
A  watcli  of  one  hour's  duration  on  Aug.  10,  from  8''  45'"  to  9''  45"'  Boston  :M.T.  (9,  11  and  12  overcast),  revealed 
a  remarkable  paucity  of  meteors,  only  seven    being  noted,    all    apparently  Perseids.     Of   the   seven    seen,  only  three 
were  observed  vfith  sufficient  accuracy  to  allow  their  paths  being  traced,  as  follows: 

9"  5"'     3  mag.     from  R. A.  25°   +64°  to  15°   +66°         ;         9"  10'"     4  mag.     from  R. A.  25°   +65°  to  13°   +68° 

9'' 18'"     1  mag.     from  E. A.  50°   +54°  to  55°   +50°. 
Moonlight  troublesome  after  O"-  30'".     Very  clear.     Center  of  observation  in   Cassiojjea. 
Brltjhtnn,  1895  Aug.  13. 


NEW   ASTEROID. 

Prof.  Krkutz  communicates  the  discovery  of  another  small  planet  on  Aug.  22,  by  Charlois.     Its  position  was  observed 
CB     12^"  Aug.  23  9"  53'".7  Nice  M.T.     a  =  22"  43'"  1'.3,     fi  =  — 5°  36'  39".     Daily  motion,  -44»  in  a,  and  2'  southward. 
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A  DETER^IINATION   OF   THE   POLAE   DIAMETER   OF   MARS, 

By  W.  W.  CAMPBELL. 


The  tletermination  of  planetaiy  diameters  is  not  a  simple 
problem.  To  obtain  a  micrometer-estimate  of  an  apparent 
diameter,  correct  that  estimate  for  differential  refraction, 
reduce  it  to  distance  unity,  and  call  the  result  the  diameter 
at  distance  unity,  is  sometimes  satisfactory,  if  special  pre- 
cautions have  been  taken  ;  but  in  some  cases  it  is  not. 

Diameter-measures  are  affected  by  a  variety  of  errors, 
among'  whieh  we  may  mention: 

((/).  Spharlcal  aln-rratlon.  Any  defect  in  the  telescope 
arising  from  imperfect  correction  for  spherical  aberration 
increases  the  apparent  diameter  of  the  object.  This  defect 
in  good  telescopes  is  small;  but  when  it  is  desired  to  ex- 
press diameter-results  to  thousandths,  or  even  to  hundredths, 
of  a  second  of  arc,  I  question  whether  the  defect  is  negligible 
in  any  telescope.  [In  the  focus  of  the  Lick  36-inch  equa- 
torial, 0".01  equals  0.00003  inch.]  Whatever  the  magni- 
tude of  the  defect,  it  may  be  regarded  as  constant  throughout 
a  series  of  diameter-measures. 

(//).  Chromatic  ahevvdtion.  If  a  refracting  telescope  is 
used,  chromatic  aberration  increases  the  apparent  diameter 
of  an  al)jeet  quite  appreciably.  The  increase  varies  some- 
what with  the  color  of  the  object;  but  throughout  a  series 
of  uieasures  of  any  given  object  it  may  be  regarded  as  con- 
stant. 

(*').  Imperfect  atmospheric  conditions.  Aside  from  the 
ordinary  refractive  effect  of  our  atmosphere  ui)on  the  ap- 
]iai'ent  diameters  of  a  planet,  which  can  be  eliminated  satis- 
factorily, there  is  the  irregular  refraction  caused  by  the 
unsteadiness  of  our  atmosphere.  Its  effect  — "poor  seeing" 
—  is  always  to  increase  the  apparent  size  of  the  image. 
The  increase  is  small  in  good  seeing,  and  extremely  large 
in  ])oor  seeing.  Fortunate  is  the  observer  wdiose  atmos- 
pheric conditions  throughout  a  series  of  diameter-determi- 
nations are  such  as  to  increase  the  apparent  diameter  only 
a  few  hundredths  of  a  second  of  arc. 

((/).  Irradiation.  The  apparent  diameter  of  a  planet 
observed  upon  a  dark-sky  background  is  very  materially 
increased  by  irradiation.  With  any  given  telescope,  ej-e- 
piece,   planet    and    background,  the    increase   of   apparent 


diameter  by  irradiation  may  be  regarded  as  sensibly  n in- 
stant. 

(c).  Diffraction.  The  diffraction-effect  is  small,  and  may 
be  regarded  as  constant  for  any  given  object,  telesco]ie.  and 
eyepiece.  It  always  increases  the  apparent  dianu'tcr  of  a 
planet. 

(/).  Imperfect  focus.  If  the  micrometer-threads  are 
imperfectly  placed  for  focus,  the  effect  is  always  to  increase 
the  apparent  diameter  of  an  oliject.  Evidently  this  effect 
is  a  variable  one,  but  it  is  by  no  means  always  inapjireciable. 
[In  the  3(!-inch  telescope,  an  error  of  0.001  inch  in  focusing 
increases  the  diameter  of  a  [ilanet  0".02.] 

It  should  be  noted  that  these  six  causes  all  unite  to  in- 
crease the  apparent  diameter  of  the  object.  None  of  them 
decrease  it.  No  combination  of  lenses,  and  no  combination 
of  errors,  will  cause  the  image  of  a  planet  to  be  too  small  — 
ordinary  refraction  excepted.  The  apparent  diameter  is 
always  too  large. 

Other  errors  that  enter  the  problem  are : 

(r/).  Personal  equation.  The  observer  in  setting  mi- 
crometer-threads, m  estimating  contacts  of  images,  etc., 
may  systematically  obtain  results  too  large  or  too  small. 
The  personal  habit  may  vary  with  time,  with  the  object 
and  its  diameter,  with  the  position  of  the  wires  in  respect 
to  the  vertical,  or  otherwise.  However,  if  the  observations 
are  made  under  circumstances  quite  similar,  the  effect  of 
personal  equation  may  be  regarded  as  essentially  constant. 

(A).  Accidental  errors.  All  observations  for  determining 
diameters  are  subject  to  the  usual  unavoidable  errors.  If 
the  number  of  observations  is  large,  these  errors  readily 
submit  to  analysis. 

At  the  1S92  opposition  of  Mars  I  made  a  series  of 
diameter-measures  of  the  planet  with  the  36-inch  equatorial 
and  filar  micrometer,  solely  to  obtain  the  data  necessary 
for  reducing  my  micrometer-observations  of  Phohos  and 
Deimos.  Though  the  measures  were  made  with  care,  I  was 
convinced  of  their  absolute  worthlessness  so  far  as  the 
secondary  question  of  the  diameter  of  the  planet  was  con- 
cerned.    A  subsequent    study  of   the   general    problem   of 

(14.-,) 
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determining  planetaiy  diauieters  convinced  me  tliat  the 
diameter  of  Jlurs  could  be  obtained  satisfactorily  with  tlie 
SO-inch  telescope  and  tilar  micrometer,  that  the  magnitude 
of  the  errors  mentioned  above  could  be  made  very  small, 
and  that  the  systematic  errors  could  be  elimi.uited.  Ex- 
periments were  made  in  June  and  July  1894,  to  determine 
the  best  method  of  procedure  durmg  the  opjiosition  then 
approaching.  The  results  of  the  experiments  were  in  some 
respects  extremely  decisive,  ami  the  following  programme 
was  followed. 

(A).  All  the  observations  were  matle  with  tlie  sun  above 
the  horizon;  just  after  sunrise  before  opposition,  and  be- 
fore sunset  after  opposition.  The  advantages  of  the  bright- 
sky  background  were  very  marked.  Measures  made  with 
the  utmost  care  at  night  on  the  dark-sky  background 
Avere  systematically  0".3  to  0".6  greater  than  those  made 
after  .sunrise.  Pleasures  made  between  dawn  and  sunrise 
progressively  decreased  as  the  sky  brightened.  Those 
made  in  the  first  hour  after  sunrise  showed  no  sensible 
variation.  In  no  case  were  the  measures,  given  below,  made 
before  the  sun  was  well  aboye  the  horizon.  The  use  of  the 
brighl^sky  background  reduced  the  magnitude  of  the  errors 
due  to  irradiation  and  chromatic  aberration.  In  fact,  I 
have  no  doubt  it  reduced  the  magnitude  of  all  the  errors, 
except  possibly  that  of  personal  equation.  The  method 
applies  especially  well  to  Mors,  since  the  well-known  greater 
brightness  of  the  limb  of  tiiat  planet  leaves  no  doubt  where 
background  ends  and  sky  begins.  The  edge  of  the  planet 
was  beautifully  definite  u])on  the  bright  sky.  My  measures 
were  all  made  upon  the  diameter  joining  the  cusps,  and 
therefore  night  measures  would  have  been  influenced  by 
the  large  and  variable  irradiation-effects  of  the  south  polar 
cap.  The  bright  baekiiround  reduced  the  influence  of  the 
cap  to  a  minimum. 

(B).  No  observations  were  made  unless  the  atmosphere 
was  very  tranquil,  giving  sharply  defined  images.  Obser- 
vations in  the  month  preceding  and  the  month  following 
opposition  were  not  attempted,  because  the  planet  was  too 
low  in  the  sky  when  the  sun  was  above  the  horizon.  The 
tliii-ty  days  on  which  observations  were  made  represent  all 
the  favorable  days,  with  the  telescope  at  my  command,  be- 
tween July  20,  1894,  and  June  1, 1895.  It  should  be  noted 
that  the  seeing  here  is,  as  a  rule,  much  better  during  the 
hour  after  sunrise  than  during  the  hour  before  sunset. 

(C).  The  same  eyepiece,  magnifying  520  diameters,  was 
used  throughout  the  series. 

(D).  After  focusing  the  eyepiece  and  object-glass  ujion 
the  threads,  a  cap  was  placed  over  the  eyepiece,  the  cap 
iiaving  a  0.03-iuch  circular  hole  in  its  center.  The  use  of 
the  eyepiece  cap  is  beneficial  in  some  ways,  and  no  doubt 
detrimental  in  others.  Let  us'consider,  first,  its  ai)plication 
in  the  ca.se  of  a  star.  The  cap  reduces  the  size  of  the  beam 
that  enters  the  eye.     The  rays  cut  out  are  those  from  the 


I  outer  portions  of  the  object-glass,  if  the  image  is  central  in 
!  the  eyejiiece ;  those  from  the  center  of  the  object-glass 
!  passing  through  unmolested.  The  interjiosition  of  the  cap 
no  doubt  produces  a  diffraction-effect,  ami  the  theoretical 
re.solving  i)0wer  is  thereby  reduced  :  but  in  certain  work  on 
bright  objects  this  loss  of  resolving  power  is  more  than 
made  up  by  corresponding  gains  in, other  directions.  Thus, 
the  chromatic  and  spherical  aberrations  from  the  outer 
portions  of  the  object-glass  are  eliminated.  The  effects  of 
imperfect  seeing  are  decreased  by  reducing  the  cross-section 
of  the  imperfect  atmospheric  lens  through  which  the  rays 
must  pass.  The  focus  is  sharpened.  The  irradiation  is 
decreased  by  re(hi(ing  the  contrast  between  brii^ht  object 
and  darker  sky. 

The  effect  of  the  eyepiece  cap,  in  thi'  case  of  a  jilanet  of 
considerable  size,  differs  from  that  of  a  star,  in  that  the 
light  from  different  ]]ortions  of  the  object-glass  is  cut  out 
for  different  portions  of  the  planet;  an  effect  that  is  open 
to  objection. 

In  order  to  reduce  the  effect  of  chromatic  aberration  still 
further,  1  cut  out  the  red  and  blue  light  by  means  of  a 
glass  screen.  The  screen  consisted  of  a  ]ilane  disc  of 
orange-yellow  glass,  and  a  similar  disc  of  green  glass, 
placed  in  contact  with  the  eye-lens  of  the  eyepiece.  The 
screen  was  tested  in  the  eyepiece  of  a  spectroscope,  and 
found  to  transmit  that  part  of  the  si)ectriim  lying  between 
wave-lengths  51(10  and  (JOOO.  Observations  made  on  the 
first  eight  mornings,  both  with  the  screen  and  without  the 
screen,  showed  that  the  effect  of  the  screen  on  the  measures 
was  inappreciable,  and  its  use  was  discontinued.  The  use 
of  the  bright-sky  background  and  of  the  eyepiece  cap  had 
evidently  reduced  the  effect  of  chromatic  aberration  to  a 
minimum. 

(E).  The  observer's  eyes  were  always  similarly  situated 
with  respect  to  the  threads. 

(F).  The  threads  were  always  planed  jjarallel  to  the 
great  circle  passing  through  .!/"/•>•  and  tlie  .S(/;/ ,-  so  that 
the  measvires  refer  to  the  diameter  jdining  the  two  cusps. 
Throughout  tiie  series  of  observations  the  cusps  were  from 
23°.6  to  27°.6  from  the  poles  of  the  jjlanet.  No  measures 
were  attempted  in  the  direction  at  right  angles  to  the  line 
joining  the  cusps;  the  correction  for  i)hase  would  have 
been  uncertain,  on  account  of  the  unequal  illumination  of 
limb  and  terminator,  and  the  variable  illumination  of  the 
terminator. 

In  order  to  deduce  the  eqiiatorial  and  polar  diameters 
from  the  measures  of  the  diameter  joining  the  cusps,  it  was 
intended  to  observe  the  polar  and  equatorial  diameters  on 
four  nights  immediately  preceding  opposition,  and  on  four 
nights  in  the  week  following,  for  the  ])ur]iose  of  determining 
the  polar  compression.  A  carefully  arranged  programme 
was  prepared,  but  storms  and  poor  seeing  prevented  measures 
on  every  night.     I  thereupon  concluded  to  iise  Professor 
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Young's  value  of  the  polar  compression,  5I ^ .  His  vahie 
has  the  double  merit  of  having  been  determined  I'liiiii  a 
carefully  planned  series  of  observations,  carefully  reduced, 
and  of  coinciding  very  closely  with  the  theoretical  value 
subsequently  announced  by  Professor  Adams. 

{G).  The  micrometer  threads  were  placed  directly  upon 
the  opposite  limbs  of  the  jjlanet.  Before  a  setting  was  ac- 
cepted, the  screw  which  moves  both  threads  siumltaneously 
was  turned  so  that  these  were  shifted,  first  to  one  side  of 
the  limbs  and  then  to  the  other  side,  so  that  in  both  cases 
both  limbs  were  just  uncovered.  When  the  uncovered 
portions  were  estimated  to  be  equal,  the  setting  was  ac- 
cepted. This  nu'thoil  worked  well  in  observations  made 
after  sunrise,  but  poorly  in  night  observations.  The  indi- 
vidual settings  were  remarkably  accordant.  AVhatever  sj^s- 
tematic  errors  attached  to  the  method  were  small,  and 
were  assignable  to  personal  equation. 

The  observations  were  made  by  the  method  of  "double 
distance."  Each  observation  recorded  below  consisted  of 
ten  thread-settings,  or  five  double  diameters  ;  and  106  obser- 
vations, consisting  of  1060  settings,  were  secured  on  thirty 
days.  The  value  of  a  revolution  of  the  micrometer-screw 
was  used  as  9".907. 


The  times  of  observation  are  given  in  the  first  column  of 
the  table  below.  The  numbers  in  the  second  column  in- 
dicate both  the  number  of  observations  and  their  weight. 
The  tliird  column  contains  the  measured  values  of  the  cus]) 
diameters,  corrected  for  refraction ;  and  the  vahie  of  tin- 
refraction-correction  used  is  given  in  column  four.  The 
distances,  7,  of  the  cusps  from  the  poles  of  the  planet  are 
contained  in  column  five.  Log /is  the  logarithm  of  the 
factor  /  which  reduces  the  cusp-diameters  to  the  corres- 
ponding polar  diameters,  on  the  assumption  that  the  polar 
compression  is  jj^.  The  polar  diameters  thus  obtained 
are  given  in  column  seven.  Log  r  is  the  logarithm  of  the 
distance  between  3Iurs  and  the  JUarth. 

The  results  for  the  measures  and  reductions  are  carried 
out  to  thousandths  of  a  second ;  not  that  the  third  decimal 
is  believed  to  be  significant,  but  to  prevent  accumulated 
errors  from  seriously  affecting  the  second  place.  A  hun- 
dredth of  a  second  at  distance  unity  is  about  four  and  one- 
half  miles;  a  thousandth  is  less  than  half  a  mile,  and  I 
think  the  third  decimal  in  the  final  result  can  be  dropped 
without  serious  sacrifice. 


Pacific  Standard  Time 

\o.  of 

Cusp 

Corr.  for 

log/ 

Polar 

logr 

of  Observation 

Oliservns. 

Diameter 

liefraction 

<J 

Diameter 

d        h        111 

1894  July  20  19     0 

1 

12!386 

-|-0"004 

23!'6 

9.99936 

12.368 

9.87578 

27  18  12 

4 

13.054 

4 

23.8 

35 

13.034 

9.85296 

28  18  31 

4 

13.188 

4 

23.7 

35 

13.168 

9.84959 

Aug.     3  17  58 

4 

13.821 

4 

23.9 

35 

13.800 

9.82941 

4  18  21 

4 

13.929 

4 

24.0 

34 

13.908 

9.82593 

7  18  30 

4 

14.265 

i 

24.2 

33 

14.243 

9.81559 

8  18  20 

4 

14.370 

4 

24.3 

32 

14.348 

9.81215 

11  17  62 

4 

14.703 

4 

24.3 

32 

14.680 

9.80177 

14  18     8 

0 

15.018 

4 

24.4 

32 

14.995 

9.79120 

15  18  26 

2 

15.158 

4 

24.5 

31 

15.134 

9.78763 

22  18     0 

0 

16.077 

5 

24.9 

29 

16.051 

9.76282 

29  18  20 

10 

17.053 

5 

25.3 

27 

17.024 

9.73782 

Sept.    4  18  10 

2 

17.791 

5 

25.7 

25 

17.760 

9.71683 

5  18     7 

2 

17.969 

5 

25.8 

24 

17.938 

9.71340 

7  18  38 

6 

1S.239 

6 

26.0 

23 

I8.20Y 

9.70054 

8  18  25 

7 

18.403 

6 

26.1 

22 

18.370 

9.70322 

14  18  29 

2 

19.300 

6 

26.7 

19 

19.264 

9.68393 

19  18  13 

1 

19.915 

7 

27.2 

•    16 

19.876 

9.66933 

20  18  32 

4 

19.993 

8 

27.4 

15 

19.954 

9.66656 

22  18  15 

3 

20.245 

8 

27,6 

13 

20.205 

9.66137 

1895  Jan.    10     5     5 

3 

9.727 

3 

27.5 

14 

9.708 

9.98402 

Feb.      1     4  17 

2 

7.980 

2 

27.3 

15 

7.964 

0.07033 

26     5  12 

2 

6.671 

3 

26.8 

18 

6.658 

0.15324 

27     5     5 

5 

6.5(il 

2 

26.9 

17 

6.549 

0.15622 

Mar.     9     5  18 

6 

6.010 

2 

26.7 

19 

5.999 

0.18493 

Apr.      6     5  27 

3 

5.110 

1 

25.8 

24 

5.101 

0.25404 

10    <;    4 

5 

5.148 

1 

25.5 

26 

5.139 

0.26271 

12     6     8 

3 

5.112 

1 

25.6 

25 

5.103 

0.26692 

19     5  55 

3 

4.888 

1 

24.4 

32 

4.880 

0.28106 

May     7     5  58 

2 

4.449 

-f- 0.001 

24.9 

9.99929 

4.442 

0.31368 
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In  leiliK-ing  these  observations  let 
f    =  the  distance  of  J/cr*- from  the  observer ; 
Z)  =   the   most  probable   value  of  the  polar  diameter  of 

Mars  at  distance  unity ; 
il    =   the  measured  value  of  the  polar  diameter; 
(■    =   the  constant  error  of  the  measured  diameters,  duo  to 
chromatic  aberration,  sjiherical    aberration,  inadi- 
ation,  diffraction,  personal  equation.* 
Then  each  observation  furnishes  an  equation  of  the  form 

(1)  <^  =  7  +  '• 

in  which  D  and  i  are  unknown  quantities.  Let  us  assume, 
for  convenience  in  the  solution,  that  an  approximate  value 
of  D  is  0".2(i.  and  that  .e  is  an  unknown  small  correction 
to  9".  20,  such  that 

(2)  D  =  9".20  +  .(• 

Substituting  this  value  of  D  in  equation  (1),  we  obtain 

1  /        9"  ''OX 

(3)  i+_:r-(.l--^j   =  0; 

which  is  the  form  of  observation  equation  to  be  employed, 
/  and  X  being  the  unknown  quantities. 

If  we  substitute  the  successive  values  of  r  and  il  in 
equation  (3),  we  obtain  thirty  equations  of  condition,  as 
below,     (4) 


Equ.itions 

of  comlition  (! 

ogarithmi<'  coi'tlicients) 

Final  re.siihials 

(I.OOOOOi 

+  0.12422.-- 

+  *;9.0SC.;Ui 

= 

0 

(•  =  +0.004 

o.nuO(M) 

+  0.14704 

+  »9.10380 

= 

0 

+  0.003 

(1.00(100 

+  0.1o041 

+  «9.20412 

= 

0 

-0.029 

o.ooooo 

+0.17059 

+  «9.24055 

= 

0 

-0.040 

0.00000 

+  0.17407 

+  H9.23553 

= 

0 

-0.037 

0.00000 

+0.18441 

+  «9.24551 

= 

0 

-0.039 

o.ooooo 

+0.18785 

+  H9.22789 

= 

0 

-0.031 

o.odooO 

+  0.19823 

+  jt9.19866 

= 

0 

-0.018 

0.00000 

+0.20.S80 

+  «9.06070 

= 

0 

+  0.027 

O.O(H)00 

+  0.21237 

+  H9.12057 

= 

0 

+  0.010 

0.00000 

+  0.2;)718 

+  «9.22272 

= 

0 

-0.019 

o.ooooo 

+  0  2(;218 

+  «9.29667 

=r 

0 

-0.045 

0.00000 

+  0.28317 

-^«9.004.32 

= 

0 

+  0.057 

0  ooooo 

+o.2.s(;()0 

+  «9.14301 

= 

0 

+  0.020 

0.00000 

+  0.29;!46 

+  //9.09691 

= 

0 

+  0.036 

0.00000 

+  0.2'.I()7S 

+  W9.17319 

= 

0 

+  0.012 

O.OIMIOO 

+  0.31()07 

+  «9.3.3244 

=3 

0 

-0.049 

o.ooooo 

+0.33067 

-*-«9.24551 

= 

0 

—  0.006 

o.ooooo 

+0.33344 

+  //S.(;9897 

=: 

0 

+  0.121 

0.00000 

+0.33863 

+  h9.  14922 

= 

0 

+  0.031 

o.ooooo 

+0.01.-,98 

+  «9.21219 

= 

0 

—  0.063 

o.ooooo 

+  9.92967 

+«9.14301 

^ 

0 

-0.039 

o.ooooo 

+  9.84076 

+«9. 28556 

= 

0 

-0.101 

0.00000 

+  9.84378 

+  W9.11059 

= 

0 

-0.037 

0.00000 

+  9.S1507 

+  8.041.39 

= 

0 

+  0.100 

0.00000 

+  9.74596 

+  8.39794 

= 

0 

+  0.109 

o.ooooo 

+  9.73729 

+  ((9.06070 

= 

0 

—  0.031 

o.ooooo 

+  9.7.'530S 

4- «9. 10380 

^ 

0 

-0.044 

0.00000 

+  9.71894 

+  «8.S0618 

= 

0 

+  0.018 

0.0000(( 

+  9.68632 

+  8.41497 

= 

0 

,;  =  +0.106 

•  The  eiTors  clue  lo  imperfect  atmospheric  conditions  and  to  im- 
proper focus  are  variable,  and  therefore  do  not  unite  wlioUy  witli 
the  constant  t-iTors  in  forniini;  i :  ami  since  they  are  always  positive, 
they  do  not  unite  wliolly  with  tlie  accidental  errors.  They  tuiile  in 
part  with  the  constant  errors,  and  in  part  with  the  accidental  errors. 


Multiplying  these  equations  of  coiulition  tlirouuli  \)y  the 
square  roots  of  their  respective  weights,  and    formiuj,'  the 
normal  e(iuations  in  the  usual  manner,  we  obtain 
106.0000 *•   + 148.3312. r   -13.7290   =   0 
148.3312*   +240.8.->58,r   -21.0157   =  0 
The  solution  of  these  equations  gives 
log/  =   8.72984  log.f   =   8.73395 

;   =    +0".054±0".018  .r   =    +0".O.-.  I  ±0".ol2 

These  values  of  the  unknown  (]nantities  /  and  ./•  when 
substituted  in  the  equations  of  condition  furnish  the  resid- 
uals V  printed  opposite  the  ecptations  (4). 

The  resulting  value  of  i  signifies  that  the  diameters  were 
systematically  observed  too  .i,'reat  by  the  amount 

I  =  +0  .054  1  O  .018 

The  resulting  value  of  x  signifies  that  the  most  probable 
value  of  the  polar  diameter  of  Jfcfs  at  di.stance  tniity  is 
D  =  9".200  +  a-  =  9".254±0".012;  or,  to  preserve  only 
two  places  of  decimals 

D  =  1)  .25  I  O  .013 

If  we  adopt  Professor  YorN(;'s  value  of  the  polar  com- 
pression, .,J5,  the  equatorial  diameter  resulting  from  my 
measures  is  9".30. 

In  this  connection,  I  take  pleasure  in  saying  that  the  ob- 
servations made  before  opposition,  i.e.,  between  July  20 
and  September  22,  were  reduced  for  me  by  each  and  all  of 
the  students  forming  a  large  class  in  the  method  of  least 
squares  in  the  University  of  California,  of  which  institu- 
tion the  Lick  Observatory  is  a  department.  The  reductions 
were  made  under  the  immediate  direction  of  the  instructor. 
Assistant  Professor  A.  0.  Leischxkk,  and  their  discussion 
of  the  observations  was  complete  in  every  particular.  Their 
results  for  the  cusp  diameter  were 

D  =       9".220±0".018 
i  =    +0".153±0".029 

In  the  observations  used  by  them  the  measured  diameters 
ranged  only  from  12".4  to  20".2,  and  necessarily  the  value 
of  i  was  not  so  determinate  as  when  the  full  series  of  ob- 
servations was  employed  and  the  diameter  varied  from  4". 4 
to  20".2.  I  have  made  use  of  their  reduction-constants  in 
my  final  reduction  of  all  the  observations,  in  so  far  as  the 
constants  naturally  coincide. 

I  shall  here  include,  for  the  convenience  of  the  reader,  a 
list  of  the  values  of  7>  and  i  previously  determined  from 
extensive  series  of  observations.  The  values  are  taken,  for 
the  most  part,  from  Dr.  Hartwicj's  classical  paper*  jon  the 
diameters  of  Venu.i  and  Mars.  The  results  credited  to 
Bessf.l  are  those  obtained  from  Bkssel's  observations  by 
Prof.  OuDEMANs,  and  they  refer,  not  to  a  polar  diameter, 
but  to  a  mean  diameter.  The  polar  diameter  would  aj^par- 
ently  be  somewhat  smaller  than  the  mean  diameter.     Prof. 

*  PuhUcation  der  Aslronomischen  Gesellscha^ft ,  XV,  Leipzig,  IS79. 
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OuDE.MAxs  appears  to  have  been  tlie  first  to  eliminate  the      same  form  as  (1),  thougli  Arago  made  a  few  investigations 
systematic  error  I  by  u.siiig  an  equation  essentially  of  the    |  ni)on  the  niagnitiule  of  some  of  the  systematic  errors. 


Observer 

Date 

Method 

Polar  diameter 

i 

Arago 

1813 

Roehon's  micrometer 

9.167  ±0.049 

+  OJ57±o".094 

Bessel 

1830-37 

Heliometer 

9.342±0.(ll9 

—  0.053  ±0.070 

Kaiser 

18G2-(;5 

Airv's  micrometer 

9.375  ±0.01 3 

+  0.0(5.".  ±0.021 

Main 

18(i2-63 

Heliometer 

9.404  ±0.035 

-0.544  ±0.070 

Hartwig 

1877-78 

Heliometer 

9.300  ±0.022 

—  0.107  ±0.0,50 

Campbell 

1894-95 

Filar  micrometer 

9.254  ±0.0 1  2 

+  0.054  ±0.018 

Tlie  probable  error  of  \\\y  resnlt  for  the  polar  diameter 
i.s  .small ;  bnt  far  more  gratifying  is  the  small  value  of  the 
systematic  error  /,  and  the  determinateness  of  i  indicated 
liv  its  relatively  small  probable  error. 

Between  October  25  and  November  22,  1894,  I  observed 
the  elongation-distances  of  the  satellites  of  Mavs  on  eleven 
nights.  Since  the  elongation-di.stances  were  measured  first 
from  the  limb  and  then  from  the  terminator,  in  quick  suc- 
cession and  with  many  repetitions,  the  differences  of  the 
measures  from  limb  and  terminator,  when  corrected  for 
phase,  were  essentially  tlie  apparent  equatorial  diameter  of 
the  planet.  Diameters  obtained  in  that  manner  on  the 
eleven  nights  were  greater  than  Haetwig's  values,  con- 
tained in  Mauth's  ephemeris,  by  the  following  amounts 
[see  this  Journal,  no.  337] : 


0.54 

0.49 

0.5G 

0.01 

0.42 

0.G3 

0.45 

0.54 

o.OO 

0.40 

0.50 

Mean   =  0".53 

If  we  leave  systematic  errors  out  of  consideration,  these 
measures  give  an  equatorial  diameter  of  9".63  at  distance  • 
unity,  a  resnlt  in  good  accord  with  filar-micrometer  determi- 
nations   by   many    other    observers.     The    measures    were 
made  at  night,  using  no  eyepiece-cap. 

I  was  continually  indebted  in  the  observations  and  re- 
ductions to  Mr.  M.vrth's  ephemeris. 

2If.  llaiidltoii.,  1895  ,//////  IS. 


PERIOD   OP  341(5 

By  ALEX.  WM. 

A  comparison  of  three  sets  of  measures  of  S  Vdoi-nm, 
made  during  May  and  July  1895,  with  those  made  on  May  25 
and  July  23, 1894  [Axtr.  Journal,  no.  327,  p.  115),  gives  a 
period  of     5'^  22''  24"'  21»   ±2"     for  this  variable. 

The  method  adopted,  indeed  the  only  one  available,  is  to 
C()mpare  the  ascending  or  descending  curves. 

Thus  the  measures  taken  on  May  10  and  May  16, 1895, 
during  the  ascending  phase,  were  compared  with  the  meas- 
ures taken  on  May  25, 1894;  and  the  measures  taken  July  14, 
1895,  during  the  descending  phase  with  those  of  Jidy  23, 
1894.     The  resulting  period  is  that  given  above. 

The  measures  of  Julj"  23,  1894,  are  to  some  extent  in- 
fluenced by  the  variation  of  Cord.  Z.C,  IX,  2301  {Axtr. 
Jmirnal,  no.  352,  p.  134),  this  star  being  then  apparently  not 
far  from  a  maximum.  If  we  leave  it  out  of  account  in 
reducing  the  magnitudes  of  S  Velorum  to  a  common  stand- 
ard, the  first  seven  measures  of  July  23  will  require  to  be 
diminished  by  0".04. 

The  detailed  observations  of  ]May  10,  ]\Iay  16  and  July  14, 
are  as  follows  : 


S  VELORUM. 

ROBERTS. 

1895  Ma 

y  10 

1895  M 

ay  16 

1895  J 

ily  14 

Gr.  M.T. 

Gr.  M.T. 

Gr.  M.T. 

h        111 

.M 

h        111 

M 

ii      111 

-M 

6     2 

9.20 

5  19 

9.10 

4  59.5 

8.25 

6  32 

9.40 

5  32 

9.00 

5     4.5 

8.35 

6  44 

9.30 

5  36 

8.95 

5  12.5 

8. .30 

6  57 

9.20 

5  43 

8.95 

5  23.5 

8.40 

7  19 

9.20 

5  51 

8.90 

5  28.5 

8.45 

7  27 

9.10 

5  57 

8.90 

5  33.3 

8.40 

7  43 

8.80 

6     9 

8.80 

5  42 

8.48 

7  53 

8.75 

6  i;! 

8.80 

5  48 

8.53 

8     5 

8.60 

6  19 

8.70 

5  54 

8.55 

8  12 

8.60 

6  24 

8.70 

5  58 

8.60 

8  19.5 

8.63 

6  33 

8.60 

6     1 

8.62 

8  28 

8.55 

6  40 

8.62 

6     3 

8.60 

8  38.5 

8.55 

6  46 

8.50 

6  13.8 

8.75 

8  58.5 

8.33 

(      •:> 

8.45 

6  17.8 

8.70 

9     6 

8.32 

7  17 

8.35 

6  26.7 

8.85 

9  31 

8.20 

7  32 

8.25 

6  31.7 

8.85 

9  47 

8.10 

7  55 

8.15 

6  37.7 

8.90 

10     6 

8.03 

8  45 

8.00 

6  43.5 

9.05 

10  22 

8.00 

9     6 

7.95 

6  .50.5 

9.10 

10  37 

8.00 

9  24 

7.95 

6  54.5 

9..".0 

9  40 

7.80 

7     3.5 

9.30 

150 


THE     ASTKONdMlCAL     J  U  U  it  N  A  L  . 


N"-  354 


Eacli  measure  is,  as  usual,  the  mean  of  two  observations,  ber.     Cord.  Z.C.,  IX,  2301  is,  liowever,  not  incliuled.     The 

one  direct,  the  other  reverse.     Tlie  method  of  reduction  is  !  measures  of  .S'  Ve/onim   taken  durinj;  1895  wonhl  seem  to 

explained  in  .-i*-^;-.  Joiiriiiil,  no.  327,  ]).  113,  and  the   com-  indicate  tliat  the  ascendiii;,'  period  is  a  few  nduutes  longer 

parison-stars  are  those  given  on  page  115  of  the  same  num-  |  than  the  descending  period. 


uB.si:iiVArioxs  of  minok  planets, 

M.VnK    .\T   TnK    nilll.KV    (HiSEKVATOItV,    .\I.11.\SY, 

Bv  JOnX   H.  OOBURX. 


1S05  Albany  M.T. 


No. 

COIllp. 


riaiict  —  % 


I'hiiR't's  Apparent 


log 
for  a 


j)A 


for  S 


h         111        8 

May  13  11  34  36 
22  10  26  44 
2.-:       9  23     0 


May    29     10  56     8 


1 

9,5 

2 

6  ,  5 

2 

6,4 

3     I 


Henrietta  (225). 

Ill  » 

-1  3.04 
+  2  5.73 
+  1   25.59 

Oi>h,-r,,i  (171). 

+  0  44.00  I     -3  47.1 


-1 

3.2 

+0 

20.9 

+  7 

49.8 

15  39  39.25 
15  33  18.77 
15  32  38.63 


16  29  25.07 


1  29  50.0  «8..S(;0  I  0.786 
0  12  40.9  j  /(9.0SO  I  0.777 
0  5  11.9  I  «9.349  0.777 


19  47  14.4  I  «9.101  i  0.889 


Mean  Places  for  1895 

.0  of  Co 

mparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Keil.  to 
app.  place 

Autliority 

1 

o 
3 

Il      III     » 
15  40  39.70 

15  n  10.39 

16  28  38.08 

+2^59 
+  2.65 

+  2.99 

—  1   2S  30.0 

-  0  12  45.8 
-19  43  13.3 

If 
-16.8 
-16.0 
-14.0 

]*idkowa,'55,  Karls.,  Stone 
rulk(nva,'55,  ISrus.,  Karls.,  Stone 
Argelander,  Cincinnati  Zone 

OX   THE   CORRECTION    OF    PriOTOOR 

iiv  F.  W 
In  no.  350  of  the  Astronomical  Jourmil  in  which  ^Ir. 
Jacoby  modifies  Dr.  Rambaht's  formulas  for  calculating 
the  refraction  on  pliotographic  plates,  he  obtains  results 
wliich  appear  to  disagree  with  those  given  by  Professor 
Ti'KXER  in  the  Montldij  Notices  of  the  Royal  Astrononncal 
Society  for  November,  1893.  Mr.  Jacoby  considers  tliat 
Prof.  Turnek's  results  are  incorrect,  but  seems  to  me  not 
to  have  appreciated  that  in  one  case  the  corrections  are  to 
the  rectilinear  coordinates  measured  on  a  ■photofjnijjhic  j^l'ite, 
and  in  the  other  to  rif/ht-ascension  and  declination.  When 
this  is  borne  in  mind  the  results  are  perfectly  accordant. 
Adopting  Prof.  Tl:i;nkk"s  notation,  in  which 

a  =   Star's  R.A. 
A  =  R.A.  of  center  of  plate 
/   =   Star's  N.P.D. 
P  =  N.P.D.  of  center  of  plate. 
S,rj   =   "  Standard  coordinates  "  of  a  Star. 
X,  F  =  Coordinates  of  the  zenith  as  projected  on  the  photo- 
graphic plate. 
The  equations  giving  the  "standard  coordinates  "  in  terms 
of  right-ascension  and  declination  are 

ij  =  ta,n(P—f/) 

ta,n(a  —  A)sm<j 


APHTC    MEx\.SURES    FOR 

DV.SOX. 

Solving  these  equations  to  tind    « 

in  terms  of    c.  /,,    we  tind 

^  cosec  P 
tan  («  — .1) 


0)   ^ 


where 


cos  (P—q) 
tau'/   =  tan/>cos(K— v4) 


REFRACTK)X. 

.1    and    J'    explicitly 


and 


P 


l—TjCOtP 

-  r,  +  K  -  cot  P  +  ;V  +  i  ?^>)  cosec'''P+  &c. 


(2) 


> 


(3) 


Prof.  Tuknek  finds  for  tlie  refractions 

formulas  which  he  obtained  in  a  very  simple  manner  by 
making  use  of  the  fact  that  a  great  circle  on  a  sphere  is 
projected  into  a  straight  line  on  a  photographic  plate,  and 
that  the  distance  from  the  zenith  to  the  star  is  expressible 
as  a  function  of  X,  T,  the  coordinates  of  the  projection  of 
the  zenith  on  the  jilate,  and  of  ?,  //  the  coordinates  of  the 
star.* 

Differentiating  the  formulas  (2)  we  find 


sec^  (a  — A)  Ju  = 
and 


Ji  cosec  P  ,     ,    f  cosec  P  cot  P 
+  Jti 


l-;)CotP    '    "■'    (l-)/CotP)-' 

Jji    =     —Jri+^  COtP  z/f  +  &C. 


*In  Prof.  Turner's  deduction  of  these  formulas  a  misprint  seems 
to  have  crept  In.     The  expression  on  p.  19,  line  5,  should  be  inulti- 
1 


plied  l)y 


Vx-'+r^ 


The  ne.\t  line  is  quite  correct. 
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Substituting   fron 
powers  of  J  ami  ;; 


(■>) 


and   ri'tainiug  only  tii'st 


sin  PJa  =  -li^lfCl+A"-')-  FcotP} -p^„;/{A'y- A'cotP}  ) 
-  Jy;=  -p;,,- {AT  +  A'cotP}  -p',)i{l  +  I'-}  \ 

These  are  Mr.  .J.vcohy's  Formulas,  but  the  .simpler  ones 
of  Prof.  TuKXER  are  better,  for  a.s  JMi'.  J.\cohy  says,  in 
whieh  he  agrees  with  Prof.  Turnek,  corrections  are  wanted 
which  can  be  applied  along  with  the  corrections  for  orienta- 

l'J<irLlii-ath,  1895  Aidjii.tf  26. 


tion  and  scale-value  to  tiie  measured  rectangular  coordinates. 
The  rest  of  Mr.  Jacouv's  paper  may  be  easily  adapted  to 
tiiese  formulas. 

Perhaps  some  misunderstandings  will  be  avoided  by 
remembering  that  parallel  lines  on  a  photogra]ihic  plate 
are  the  projections  of  circles  which  all  pass  through  a  2)oint 
90°  distant  from  the  center  of  the  jilate,  while  meridians 
and  parallels  of  declination  are  projecteil  into  lines  conver- 
ging to  a  point  and  concentric  circles. 


epiie:\iekis  of  variables  of  the  algol-'\:yv^, 

189.')  Greenwich  Jlean  Time. 
By     PAUL     .S  .     Y  K  N  D  E  I,  L . 


October 

Oct 

iber 

Oct 

)ber 

Novendjer 

November 

1      6'Coronae 

1 

11 

/.  Tauri 

9 

20 

ZHerculis 

12 

1 

t/Cephei 

6 

15 

ZHerculis 

12 

i"!  Librae 

11 

t'Ophiuchi 

14 

Algol 

11 

R  Can.  Maj. 

16 

FCygni 

15 

f/Opliiuchi 

12 

Algol 

20 

22 

C/Cephei 

7 

o 

7i' Can.  Maj. 

20 

17 

A'Can.Maj. 

15 

2      rOphiuchi 

;» 

12 

C/Cephei 

8 

ZHerculis 

13 

3 

ZHerculis 

13 

18 

FCygni 

15 

PCepliei 

9 

C/Ophiuchi 

10 

FCygni 

16 

FCygni 

15 

J/Cephei 

17 

ZHerculis 

14 

ZHerculis 

13 

23 

Algol 

8 

C/Cephei 

IS 

7i' Can.  Maj. 

18 

3      ;.  Tauri 

11 

13 

I'(  'vgni 

k; 

iiCan.:\rai. 

14 

Algol 

19 

19 

^Hercnlis 

12 

4      ZHerculis 

13 

14 

ZHcrculis 

14 

24 

ZHercuUs 

12 

6 

I'  Ccphci 

(i 

i.'Can.Maj. 

20 

I'Cygni 

16 

Algol 

17 

7i' Can. Maj. 

17 

FCygni 

15 

1  Tauri 

21 

t'Cephei 

20 

?7Cepliei 

20 

C/Cephei 

19 

Algol 

IC. 

21 

I'Cvgni 

15 

5      iSCaneri 

21 

15 

I  Tauri 

8 

.S'Caiicri 

20 

7 

.^Herculis 

13 

23 

(7  Cephei 

17 

6      f^Ophiuchi 

13 

i?Cai.  Maj. 

15 

25 

C/Coronae 

11 

8 

^' Can. Maj. 

12 

1  Tauri 

20 

^Herculis 

14 

16 

.ZHercnlis 

13 

FCvgni 

16 

C7Cephei 

18 

Algol 

21 

7      ^'Cephei 

S 

f^Ophiuclii 

15 

RGAM.^ln]. 

21 

9 

Algol 

13 

24 

FCygni 

15 

f'Ophiuchi 

9 

FCygni 

1(1 

26 

i^Herculis 

13 

FCvgni 

15 

25 

Ji' Can.  Maj. 

13 

I  Tauri 

10 

iiCau.Maj. 

18 

27 

C/Cephei 

7 

7i' Can. Maj. 

16 

26 

iiCan.^Slaj. 

16 

FCygni 

16 

17 

CCephei 

( 

28 

.^Herculis 

12 

10 

/.'Can.  Maj. 

19 

Algol 

17 

i?Caii.Maj. 

16 

f  Ophiuchi 

11 

J'Cvgni 

15 

11 

C7Cephei 

6 

27 

i'Cvgni 

15 

8      ZHerculis 

13 

Algol 

14 

29 

L^Cephei 

19 

^Herculis 

13 

I  Tauri 

19 

ii;C"an.Maj. 

19 

18 

?7Coronae 

13 

30 

i^Herciilis 

13 

12 

Algol 

9 

ACan.Maj. 

19 

9      r/Cephei 

20 

ZHerculis 

14 

31 

/I'Can.ALaj. 

13 

FCvgni 

15 

28 

C/Cephei 

17 

10     ZHerculis 

14 

19 

FCygni 

16 

FCygni 

15 

SCancri 

19 

29 

Algol 

14 

FCygni 

16 

f'Cephei 

19 

13 

U  Cephei 

18 

30 

FCygni 

14 

FILAR-MTCR0.>[ETEE   OBSERYATIOXS   of   C03IET  a  1895  {swift), 

M.VDE    WITH    THE    2()-IN'CH    ECJUATOKIAI,    OF    TnE    I.EANDER    M^-roHMICK    OBSEl! VATOI'.V, 

Bv  OKMOXD   STONE. 


1S05  Charlottesville  M.T. 

* 

No. 
Comp. 

Ja 

-* 

jS 

^'s  apparent 

s 

logpA 

for  a           fori! 

h         in       s 

Aug.  23     14  17  16 

15  9  44 
25     15  44  15 

16  10  56 
27     13  57  26 

15  13  41 

1 

1 

*> 

o 

3 
3 

2 
5 
6 
'2 
2 
5 

111          S 

+  4  23.77 
+  1   37.27 

-3  28.89 

1         II 

+  1     0.9 

-3  38.1 
-3  55.8 

]i       in         s 

0  34  56.72 
0  39  31.64 

0  43  48.69 

+  5  48  27.3 

+  5  56  26.4 
+  6     2  11.1 

8.950 
9.213 

9.044 

0.669 

0.674 
0.672 

Mean  Places  for  1895.0  of  Comjmrison- Stars. 

* 

a 

KeO.  to 
app.  place 

i\                       Red.  to 

0                     app.  place                                         Authority 

t 

1 
2 

3 

Il         111        s 

0  30  29.(i7 
0  37  51.07 
0  47  14.26 

+  3*28 
+  3.30 
+3.32 

O             /                // 

+  5  47     4.2 
+  5  59  42.0 
+  6     5  43.9 

-\-'>o  o 
+  22.5 
+  23.0 

Mr.  Littell,  U.S.N.  Observatory 
Dr.  Kam,  Astron.  Narhr.,wo.  1464 
Schjellerup  303 

August  23.     The  nucleu.s  was  a  fine  stellar  point  of  the  1.5th  inagniliide.     It  was  not  so  stellar  the  other  nights. 
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0BSER\AT1(J^'    OF   C0:MET  a  1895  (.sii/fd, 

MADE    WITH    THE    lO-INlH    EVlATOItlAI.    AND    FILAK    MICROJIETEK    AT   GOOPSEl.L  OBSEI! V ATOltY.    MUC  1  11  1  IKI.H.    MINN., 

Jiy  II.  C.  WILSOX. 

No.  <^-*  ^'s  apparent  ,,,„j,^ 

189,5  Northfielil  M.T.  *  Comp.  la  ih  a  8  for.i  foirl 

Aug.  30  14'' 8"' 56*         I      e      [     ll.* ,  S     |     -0'"  :.''.;55     |  -9' 19".l  |  0"  49'"  r)3'.80  |      +(i°  S'  10".(>  |  h 7.8-).-)  |   0.737 

Mean  Place  for  1SD5.0  of  Comjmrison-Sfar. 

^  Reil.  to  ^  lied,  to 

^  "  npp.  i)laee  app.  place 

f    I  0''49"'52".77  I  -f-3'.38  I    +6M7'5".5    I  +23".()  I 


Authority 
^■ailKlll  4S3 


p:r.LrPTi('  klements  and  ephemekis  of  comet  r/ i8!i.-,. 

By  lewis  HCSS. 
Having  failed  to  obtain  a  satisfactoi-y  representation  of 
observations  of  this  comet  at  the  dates.  Aug.  23.5,  Aug.  28.8 
and  Sei)t.  3.8,  by  means  of  a  ]iai-al)()hv,  I  have  oomi)iited  the 
following  elliptic  elements,  wliicli  show  tliat  tliis  comet  be- 
longs to  the  family  of  Jiijiifi'i: 

Epodi  1895  Aiigii.st  23.5  (i.M.T. 

M  =       0°22'  39.0 
0}  =   1()7  10  51  ) 
Si   =   170  34  35     1S95.0 
/  =       3     5  54  ) 
t-   =     43  5(;  21 
M   =   401".194 
The  perihelion  was   Aug.  20.1;    and   the    period    is   8.8 
years.     This  latter  is,  of  course,  veiy  uncertain,  though  the 
observations  thus  far  are  well  represented.     It  seems  super- 
fluous to  call  the  attention  of  observers  to  the  importance 
of  securing  many  observations  of  this  comet. 


El'HK.MKl 

;ls    i-ui 

(ii 

Ki;.\wii 

M     MlD.MIillT. 

ISO.-) 

.\pp 

a 

App.  8 

log  A 

ll          III         s 

0 

1 

Sept.  12.5 

1      9 

58 

+  5 

58.2 

9.5()65 

14.5 

1   12 

18 

5 

52.3 

9.569() 

1(;.5 

1   14 

23 

5 

45.5 

9.5743 

18.5 

1    16 

15 

5 

37.9 

9.5789 

20.5 

1    17 

55 

5 

29.7 

9.584 1 

22.5 

1    19 

23 

;> 

21.1 

9.5,S'.I7 

24.5 

1   21) 

40 

5 

12.1 

9.51159 

26.5 

1  21 

48 

5 

3.0 

9.6(lL'C> 

28.5 

1  22 

45 

4 

53.8 

9.6097 

30.5 

1  23 

35 

4 

44.7 

9.6173 

Oct.  2.5 

1   24 

16 

4 

35.6 

9.6253 

4.5 

1  24 

52 

4 

2(!.8 

9.6;)38 

6.5 

1   25 

20 

4 

18.5 

9.6427 

On  (October  4,  the  theoretical  bri.ulitncss  is  (1.6.  tliat  at 
discovery  being  the  unit. 


NEW   ASTRONOMICAL   WORK. 


W.  Scni-ii,  Die  Oerter  der  helleren  Sterne  der  Praexepe.     Giittin- 

gen,  18!I5.     314  pp. 

This  elaborate  work,  wliich  forms  the  Kourtli  Part  of  the  '^  Astro- 
nomixclic  Miltheilun'jeii''  of  the  Oottiiisjieii  Oliservatory,  eoiUaiiis 
the  relative  positions  resulting  from  Trof.  Sririi:'s  triaiigulalion  of 
the  Practeije  with  the  liciisolil  six-inch  hdioinoter,  received  in  18S8. 

The  first  section  contains  a  full  des<ription  of  the  instinmcnt,  with 
an  investigation  of  its  contents,  together  witli  the  details  and  final 
results  of  the  triangulation,  executed  during  the  years  1.SS'.)  to  18'.i3. 

The  second  gives  the  results  of  the  sinular  investigation  made  with 
tlie  Bonn  heliometerby  Wixxecke  in  hS")"  and  18.5s.  just  before  the 
commencement  of  his  activity  at  I'lilkowa.     The  almost  completed 


results  were  in  Wixxecke's  hands  for  (inal  revision,  when  tlie 
state  of  his  health  prevented  his  continuance  of  the  work.  -Vfter 
the  delays,  first  of  twenty  years,  while  Wix.necke  was  actively  en- 
gaged in  other  researches  at  I'ulkowa,  ami  then  of  more  than  ten 
years  after  he  had  taken  the  manuscript  again  in  hand,  at  Strasshurg, 
the  final  revision  ami  partly  new  reduction  were  undertaken  by  Prof. 
Sciiri!. 

In  the  third  section  are  comparisons  of  the  results  of  these  series 
of  heliometer-observations.with  each  other,  and  with  Il.\i.i.'s  larger 
catalogue,  determined  at  AVashingtou  with  the  filar  micrometer:  as 
also  with  the  positions  for  the  same  stars,  deduced  since  then  from 
RcTHEEFUliD's  photographs  of  1807. 


No.  3.53,     p.  138,  col.  2,  1.  2,    for    motions    liut     motion 


CORRIGENDA. 
;        p.  138,  col.  2,  I.  28,     substitute  dr  for  dt  in  denominator  of  second  term. 


CONTEXTS. 

A    DETEUMIXATIO^i  OF   THE    Poi.JVI!    Dl  AM  KTEK    l>F    MaISS,    liV    PlIOF.  W.    W.    CaMPHEI.I.. 

Peiiiod  of  341(i  .S  VEi.i)i:r.\i,  by  Piiof.  Ai.ex.  W.m.  liiHiEiiTs. 
Oiisei!V.\tioxs  of  MiXDii  Planets,  nv  Mr.  Joiix  II.  Oouikx. 

Ox    THE    CoiiRECTIOX    OF   PHOTO<iH.\  PIIIC   MK.VSfllES    FOI!    REFRACTION,    liV    Ml!.    F.   W.   UvsdX. 
ECHE.MERIS    OF    V.II!I.\1!I.ES    OF    THE    .V  I.<iOI.-T  V  I'E.     1!Y    Ml!.    P.VFI.    S.    YEXDEI.L. 

Fii.Ai:-Mn  Ro.\iETEU  OnsERVATioxs  OF  Co.METn  1895  (.Swift),  by  Prof.  Ormoxd  Sto.ne. 

Obsekvatiox  of  CO.MET  a  1S'.i.5  (Swift),  by  Dr.  H.  C.  Wilson. 

Elliptic  Elements  axd  Epiiemeris  of  Comet  a  1895,  by  Prof./Lewis  Boss. 

New  AstronomiC.vl  Work. 

Corrigenda. 


PlIRLIgllKD  IN  KnSTOK. 


'KMI-MONTHI.V.  UV  I!.  A.  GOULU.       ADDIIES;^.  L'AUBKIDGE.  .MaS»       I'ltlOlt.  ihJ\U  TIIK  V'OI.UMK.      PlIKSS  OF  TlIOS.   P.  NICHOLS.  I.YNN,  MASS. 
Rlitvreil  ift  1)14.  P(»i>i  t)lflt!e    III  Bofton.  Ma6&..  an  seconil-cluss  iiiHtter.     Closed  September  ]?, 
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OBSERVATIONS   OF   VAEIABLE   STARS   OP   THE   ALGOL-TYPE,  1893-1895, 

Bv  TATTL   S.  YENDELL. 


The  following  observations  are  the  re.sults  of  luy  work 
on  stars  of  this  class  during  the  interval  between  1893 
September  2  and  1895  May  1. 

320      UCephei.  ■ 
Three  minima,  and  one  normal  mininunii  made  up  from 
four  different  nights'  observations. 

1894  November  19;  eighteen  observations,  from  9''  4'"  to 
16"  40". 

Time  of  minimum  by  single  curve,  14''  ()'",  wt.  4. 
Time  of  minimum  by  mean  curve,  14''  1G"'.2. 
Time  of  minimum  by  equal  brightness  : 

After 

h       i: 

ir>  29 

IT)  48 
15  2(; 
15     0 

iMean 


Before 

S! 

h        1 

8.4 

11  53 

8.6 

12  18 

8.8 

12  37 

9.0 

13     0 

Mean 

14"ll'.'b 
14  3.0 
14  1.5 
14     0.0 


14     3.9 


Least  observed  light,  9". 05. 


1894  December  4 ;    eighteen  observations,  from  10''  40"' 
to  15''  35'". 

Time  of  minimum  by  single  curve,  12''  56'",  wt.  4. 
Time  of  minimum  by  mean  curve.  12"  58"'. 
Time  of  minimum  by  equal  l)rightness: 


Before 

After 

Mean 

M 

8.6 

h       m 

11  22 

h       m 

14  33 

li        ni 

12  57.5 

8.8 

11  39 

14  14 

12  51.5 

Jlean 


12  54.5 


Least  observed  light,  9"'. 09. 


1895  January  23 ;   fifteen  observations,  from  7''  24" 
11"  58'". 

Time  of  minimum  by  single  curve,  9"  41'",  wt.  5. 
Time  of  minimum  by  mean  curve,  9''  33'". 4. 
Time  of  minimum  by  equal  brightness  : 


to 


Before 

After 

Mean 

ftl 

h        111 

h       m 

li        i 

8.6 

7  44 

11  35 

9  40 

8.8 

8  13 

10  55 

9  34 

9.0 

8  26 

10  41 

9  33 

Mean 

9  35. 

Least  observed  light,  9". 09. 


Normal  minimum,  from  observations  as  follows  : 
1894  Oct.  25      decrease      12  observations 


Dec. 

19 

a 

S) 

29 

li 

7 

895  Feb. 

22 

a 

5 

23 

increase 

C 
39 

Referred  to  Epoch  2123,  these  observations  give  a  mini- 
mum by  the  use  of  the  mean  light-curve, 

1894  December  19     12"  30"'.24 

1090      A/;/n/. 
Four  minima : 

1894  September  22 ;    nine  observations,  from  9''  23'"  to 
11"  45'". 

Time  of  minimum  by  single  curve,  10''  42"',  wt.  4.        • 
Time  of  minimum  by  mean  curve,  10''  31"'.4. 
Time  of  minimum  liy  equal  brightness: 

After 


3.4 
3.6 


Before 

h        III 

10     2 
'  10  24 


h        III 

11  .".o 
11     4 

Mean 


Mean 

ii       III 
10  46 
10  44 

10  45 


Least  observed  light,  3>'.7. 

nine   observations,   from  5"  57'"   to 


1894  November  7 
9''  21'". 

Time  of  minimum   l)y  single  curve,  8''  1'" ; 
tain. 

Time  of  minimum  by  nu-an  curve,  7"  55'". 1 

Time  of  minimum  by  ecpial  brightness: 


rather  uncer- 


Before 

After 

Mean 

M 

3.5 

h        111 

7  25 

ii       111 
8  34 

ii  111 
7  59.5 

3.6 

7  36 

8  23 

7  59.5 

• 

Mean 


59.5 


Least  observed  light,  3". 7. 


1894  November  27  ;  sixteen  observations,  from  6"  16'"  to 
11"  33'". 

Time  of  minimum  by  single  light-curve,  9"  23"',  wt.  5. 
Time  of  minimum  l)y  mean  light-curve,  9''  32'". 

(153) 
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Time  of  minimum  by  equal  brightness : 

Bofoie  After  Mean 

3.6  9  17  '.)  40  9  28.5 

3.4  8  31  10  40  9  38.5 

3.2  8  It;         1 1   I'O  9  48.0   - 

Mean  9  38.3 

Least  observed  light.  3". 7. 

1894  December  20 ;  twelve  observations,  from  o""  40™  to 
12"  33"-. 

Time  of  minimum  by  single  curve,  7''  55'",  wt.  5. 
Time  of  minimum  by  mean  curve,  "''  49'".9. 
Time  of  minimum  by  equal  brightness : 

Before  After  Mean 

M  h       m  h       m  „'",'" 

2.8  6  13  10  33  8  23 

3  0  G   22  10  7  8  14.5 

3.2  <;  30  9  42  8  6 

3.4  (!  38  9  4  7  51 

3.6  7  30  8  5  7  47.5 


^lean 


8  4.4 


Least  observed  light,  3". 7, 


1411     ?.  Tuuri. 
Four  minima : 

1893  November  IS;    ten  observations,   from   8''  15'"   to 
ll"  43". 

Time  of  minimum  by  single  curve,  10"  41'".5.  wt.  4. 
Time  of  minimum  by  equal  brightness: 

Before  After  Mean 

M  h       111  h        m  h        m 

4.2         10  28         11     3         10  4o.5 
Least  observed  light,  4>'.3.     Bright  moonlight. 
1893  November  22.    ten   observations,   from   6''  57'"   to 
jjh  22"'. 

Time  of  minimum  by  single  curve,  9"  31"',  wt.  3. 
Time  of  minimum  by  equal  brightness : 


Before 

After 

Mean 

M 

4.0 

h       in 

7     8 

li        m 

11     2 

h       m 

9     5 

4.1 

7  4S 

10  32 

9  10 

4.2 

8  12 

10  IS 

9  15 

4.3 

8  40 

10  12 

9  26 

Mean  9  14 

Least  observed  light,  4". 4.     Full  moon. 
1893  November  26;   nine  observations,  from  6"  25"'  to 
10"  50"'. 

Time  of  minimum  by  single  curve,  9"  30'",  wt.  2 ;  uncer- 
tain. 

Time  of  minumum  by  equal  brightness : 

Before  After  Mean 

h        m 

9  16 

9  28 

Mean  9  22 

Least  observed  light,  4". 2. 


M 

h       m 

li        m 

4.0 

7  42 

10  50 

4.1 

8  33 

10  23 

1893  November  30 ;  seven  observations,  from  6"  0'"  to 
10"  10"'. 

Time  of  miniuiuni  by  single  furvo.  9"  10'",  wt.  3. 
Time  of  minimum  by  equal  brightness : 

Befori'  -Vftcr  Mean 

M  ll         III  )l  III  ll         III 

3.8  7  14         10     8  S  41 

4.0  S     0         10     2  9     1 

4.2  8  58  9  4(;  9  22 

^leuu 

Least  observed  light,  4 ".25. 


9     1.3 


2(;10      /,>  Cnnlx  Majnris. 
Four  miuima,  and  uiiu  normal   niininium,  IVinncil   lium 
observations  on  three  separate  dates. 

1895  January  29 ;  thirteen  observations,  from  7"  25'"  to 
11"  50"'. 

Time  of  minimum  by  single  curve,  11"  7'",  wt.  4. 
Time  of  minimum  by  lut-an  curve,  11"  13'".7. 
Time  of  minimum  by  equal  brightness: 

Before  .Vfter  >[ean 

M  ll         III  ti         III  h  111 

6.4         10  15         11  26         10  50.5 
6.6         11     3         11  19         11  11 

:Mean         11     0.8 
Least  observed  light,  (;".25. 

1895  February  14;  ten  ob.servat.ious.  from  7"  13'"  to  9"  15'". 
Time  of  minimum  by  single  curve,  8"  48'",  wt.  4. 
Time  of  minimum  bj"  mean  curve,  8"  44'". 7. 
Time  of  minimum  by  equal  brightness : 


Before 

After 

Mean 

M 

6.3 

h       III 

7  33 

h       m 

9  48 

ti      III 
8  40.5 

6.5 

7  53 

9  32 

8  42.5 

6.7 

8  14 

9  27 

8  50.5 

;Mean 


8  44.5 


Least  observed  light.  6". 8. 


1895  February  23 ;  nineteen  observations,  from  7"  0'"  to 
11"  45"'. 

Time  of  minimum  by  single  curve,  10"  20'",  wt.  5. 
Time  of  minimum  by  mean  curve,  10"  21'". 4. 
Time  of  minimum  by  equal  brightness: 

Before  After  Mean 

ai  h       m  h        ni  li        m 

6.5  9  15         11  36         10  25.5 

6.7  9  40         117         10  23.5 

6.9  9  43         10  45         10  14.0 

Mean  10  21.0 

Least  observed  light,  7".l. 

1895  March  3 ;  eleven  observations,  from  7"  30'"  to  10"  30"'. 

Time  of  minimum  from  single  curve,  9"  23"",  wt.  3. 

The  observations  from  which  this  minimum  is  deduced 
are  incorporated  in  the  following  normal  minimum,  and 
the  mean  curve  and  equal-light  reductions  are  omitted,  on 
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account  of  the  deficiency  of  observations  on  tlie  increase, 
caused  by  a  cloudy  interval. 

Normal  minimum,  referred  to  Epocli  2584. 
1895  Mar.    3     decrease     11  obsns. ;     increase     1  obsn. 
19  "  8      " 

28  "  8      "• 

19  9 

Time   of    minimum    by    single    curve,    1895  INIarch  17, 
S''  31'".5,  wt.  5. 

Time  of  minimum  by  mean  curve,  1895  Mar.  17,  5''  33"'.3. 

3407     S  Aiit/iue. 
Four  miuiiDa : 

1894   March   7 ;    thirteen    observations,    from    8''  G'"    to 
ll""  lO'". 

Time  of  minimum  by  single  L'urve,  10''  18'",  wt.  4. 
Time  of  minimum  liy  mean  curve,  10''  0"'.9. 
Time  of  minimum  by  equal  brightness: 


Before 

After 

Mean 

>I 

h       m 

h        III 

U         m 

6.9 

9     0 

11  ■  S 

10     4 

7.0 

9  21 

11     2 

10  11.5 

7.1 

9  49 

10  29 

10     9 

jMean  10     8.2 

Least  observed  light,  7  ".22. 

1895  February  22 ;  thirteen  observations,  from  9''  30"'  to 
12''  5'" 

Time  of  minimum  by  single  curve,  11''  5'",  wt.  4. 

Time  of  minimum  by  mean  curve,   11''  4'".3. 

Dorchester,  Mass.,  1S95  September  12.  


Time  of  minimum  by  equal  brightness: 


7.0 
7.1 


Before 

h        III 

10  34 
10  48 


After 

ii      III 
11   34 
11  20 


Mean 
Least  observed  light,  7".  14. 

1895  February  23;  fourteen  observations,  from  8''  39'"  to 
11"  43'". 

Time  of  minimum  by  single  curve,  10''  44'",  wt.  4. 
Time  of  minimum  by  mean  curve,  10''  36'".8. 
Time  of  miuimum  by  equal  brightness: 


Before 

After 

Mean 

M 

Ii         In 

h       in 

h        m 

7.0 

9  48 

11  32 

10  40 

7.1 

10     6 

10  59 

10  32.5 

Mean  10  36.3 

Least  observed  light,  7". 16. 

1895  March  9 ;  eight  observations,  from  7''  25'"  to  9''  25'". 
Time  of  minimum  by  single  curve,  8''  47"",  wt.  4. 
Time  of  minimum  by  equal  brightness  : 

SI 

7.1 

7.2 

Jfean  8  50.0 

Least  observed  light,  7'". 29. 

This  minimum  was   observed    at    full    moon,   with  the 
4;^-inch  telescope. 


Before 

After 

Mean 

h       m 

8  10 

h        m 

9  25 

h        m 

8  47.5 

8  25 

9  20 

8  52.5 

NOTE   ON   THE   ORBIT   OF   /,  CAS8I0PEAE, 

By  T.  J.  J.  SEE. 


In  no.  343  of  the  Astronomical  Journal,  I  have  discussed 
the  orbit  of  ij  Cassiopeae,  and  for  the  present  position  of 
the  companion  have  relied  upon  measures  of  position-angle 
recently   obtained  by  several   observers.      My  subsequent 
observations  in  Virginia  (J.  J.  349)  show  that  the  position- 
angle  is  smaller,  and  the  distance  larger  than  I  had  sup- 
posed, and  hence  the  elements  need  a  slight  correction. 
We  are  thus  led  to  the  following  elements,  which  represent 
all  the  observations  in  a  very  satisfactory  manner : 
P  =  195.76  years 
T  =  1907.84 
»  e  =  0.5142 
a   =   8".2128 
S2  =  46M 
/  =   45°.95 
).  =  217°.87 
n   =    -f-l°.83899 
Apparent  orbit : 

Length  of  major  axis 


=  15".80 

=  10".24 

=  55°.8 

=  74''.5 

=  3".80 

The  University  of  Chicago,  1805  August  10. 


Length  of  minor  axis 
Angle  of  major  axis 
Angle  of  periastron 
Distance  of  star  from  center 


An  ephemeris  for  the  next  five  years  is  : 


t 


1896.50 
1897.50 
1898.50 
1899.50 
1900.50 


Pc 

1/ 

4.73 

4.68 
4.62 
4.55 
4.46 


207°.6 

210.1 

213.7 

217.2 

221.1 

The  parallax  of  this  system  recently  obtained  by  ^Ir. 
Herman  S.  Davis  of  Columbia  College,  seems  to  be  en- 
titled to  great  weight ;  and  yet  the  value  is  so  large  that 
with  these  elements  the  mass  is  only  0.166  of  the  mass  of 
the  sun.  The  distance  of  the  system  is  464540  times  the 
distance  of  the  earth  from  the  sun,  and  the  semi-nuijor  axis 
of  the  orbit  is  18.539  astronomical  units.  This  mass  is 
very  small  compared  to  the  values  hitherto  assigned  to  this 
star,  but  the  change  may  not  be  greater  than  will  be  found 
to  result  elsewhere  when  the  parallaxes  are  critically  in- 
vestigated. The  parallax  of  this  system  is  of  such  great 
interest  as  to  justify  confirmation  by  a  series  of  heliometer 
measures.  If  this  small  mass  is  confirmed  by  some  other 
independent  determination  of  parallax,  our  ideas  of  the 
nature  of  the  stellar  systems  will  have  to  be  considerably 
modified. 
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RESEARCHES   OX   THE   ORBIT   OF   :  SAGlTTAlill, 

liv  T.  .1.  J.  SEE. 

Q,  =  7r)°.35 
i  =  73°.95 
;i  =  327°.35 


The  bright  naked-eye  star  t  SagittarU.  was  fouiul  by  Pro- 
tVssor  WiNi.ocK  many  years  ajjo  to  be  a  dose  double  star, 
with  nearly  equal  euuiponents.  Owing  to  the  great  southern 
declination  of  l^Sagittarii,  which  renders  it  inaccessible  to 
European  observers,  and  makes  observation  difficult  even 
in  the  United  .States,  the  pair  was  comparatively  neglected 
for  a  number  of  years.  The  first  observation  is  the  work 
of  a  single  night,  and  was  secured  by  Nkwcomh  with  the 
9-inch  refractor  at  Washington,  in  ISO?.  The  pair  was  not 
again  observed  until  1878,  wlien  Burnham  began  to  give  it 
regular  attention.  His  series  of  measures  now  show  that 
C  Siigitfarii  belongs  to  the  class  of  bright  close  binaries 
with  short  periods.  'I'his  i)bjeet  hiis  therefore  become  one 
of  particular  interest  to  Anu'rican  observers. 

The  first  investigation  of  the  orbit  was  nmde  by  ^Ir.  J. 
E.  GoiiK,  who  jtublished  the  following  elements  (JMonthly 
Xotires,  li.  A.S..  1  .SS(>,  p.  444) : 

P  =  18.69  years 

r  =   1882.86 

,■   =   0.1698 

a   =   0".53 

I  =  58°.8 

Q,  =  83°.37 

;.  =  263''.35 

Mr.  J.  AV.  Fkoley  has  more  recently  examined  this  orbit 
and  obtained  a  set  of  elements  (Astronomy  and  Ast>vj)hi/sics, 
Jinie  1893).  which  do  not  require  any  large  correction  : 

i-"   =   17.715  3-ears 

T  =  1878.62 

e   =  0.30 

a 


=   0".C.8 

« 


While  in  X'ir.ninia  recently.  I  tuok  occasion  to  measure 
this  star,  and,  although  the  object  was  seen  with  difficulty, 
owing  to  its  low  altitude,  I  could  discover  a  distinct  elon- 
gation in  the  direction  194°.7;  the  distance  could  not  be 
fixed  with  much  confidence,  but  my  settings  of  the  microm- 
eter gave  0".35.  The  estimates  of  distance  were  sub- 
stantially the  same,  but  I  am  now  convinced,  from  my 
distinct  recollection  of  the  appearance  of  the  object,  that 
both  the  niea.sure  and  the  estimate  were  too  large.  The 
star  could  not  be  separated,  although  it  was  shari)ly  elon- 
gated with  a  power  of  1,300;  the  distance  was  jiroliably  less 
than  0".2o. 

From  an  examination  of  all  the  measures  of  tliis  pair  [ 
have  derived  the  following  elements: 

F  =  18.85  years 

T  =  1878.80 

e  =  0.279 

a  =  0".686 

8  =  (;9°..-5 

;  =   67°.32 
).  =  32SM 
n   =    -19°.098 
Apparent  orbit : 

Length  of  major  axis  =  i".300 

Length  of  minor  axis  =  0".423 

Angle  of  major  axis  =  74°.8 

Angle  of  periastron  =  82°.8 


Distance  of  star  from  center  =  0",168 

COMPAKISON    OF    COMPUTED    WITH    OBSERVED    PlACES. 


t 

eo 

ec 

Po 

Pc 

Oil — dc 

P-Pc 

71 

Observers 

1867.80 

260.8 

254.8 

0.48 

0.81 

+   6?0 

-0..33 

1 

Newcomb 

1878.70 

84.2 

85.6 

0.42 

0.41 

-   1.4 

+  0.0] 

1 

Huruham 

1S79.71 

54.8 

69.4 

0.3  ± 

0.48 

-14.6 

-0.18 

1 

Hurnhani          , 

1880.62 

62.1 

57.7 

0.55 

0.42 

-1-  4.4 

+  0.13 

2 

IJurnhaui 

18,81.61 

36.1 

42.2 

0.31 

0.33 

-   6.1 

-0.02 

2 

Hurnluun 

1886.62 

271.3 

273.7 

0.65 

0.59 

-   2.4 

+  n.0(; 

4 

Hall 

1888.66 

259.3 

260.9 

0.67 

0.79 

-   1.6 

-(1.12 

7 

P>nrnhani,  (>:  Leavenworth 

1 

1889.41 

255.1 

256.7 

0.81 

0.81 

-   1.6 

±0.00 

5 

Lurnliaui 

1890.49 

251.1 

25L7 

0.76 

0.78 

-   0.6 

-0.02 

3 

PurnJiain 

1891.53 

246.5 

246.5 

0.61 

0.70 

±   0.0 

-0.09 

3 

Purnliam 

1892..39 

24.-i.l 

241.8 

0.60 

0.60 

+  3.3 

±0.00 

3 

Burnham 

1S95..32 

194.7 

194.3 

0.35 

0.22 

+  0.4 

+0.13 

3 

See 

When  we  consider  the  small  number  of  observations,  and 
the  discordant  character  of  some  of  the  measures,  we  must 
regard  these  elements  as  highly  satisfactory.     It   is   not 


likely  that  they  will  be  materially  changed  by  future  obser- 
vations; but  for  some  time  this  rapid  binary  will  deserve 
careful  attention.     The  eccentricity  of  the  orbit  appears  to 
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t 
1896.50 

118°1 

It 

0.24 

1897.50 

76.5 

0.47 

1898.50 

63.5 

0.46 

1899.50 

49.8 

0.37 

1900.50 

29.9 

0.28 
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be  fairly  well  defined,  and  is  rather  smaller  tlian  usual; 
good  observations  during  the  next  five  year.s  will  puable  us 
to  fix  this  element  with  the  desired  precision.  The  star  is 
now  very  difficult,  and  will  remain  so  for  several  years,  but 
it  is  constantly  within  reach  of  our  large  refractors. 

The  following  is  a  short  e})henicris: 

The  Unlnersifij  of  CJilcayo,  1895  Aitfj.  10. 


T 


ELEMENTS   AND   EPTIEMERIS   OF   COMET  a  1895  (sir/FT), 

By  a.  O.  LEUSCHNEH. 
The  following  elements  computed  by  Prof.  A.  ().  Lkuscii- 
NEK  assisted  by  Mr.  W.  H.  Wkioiit,  from  observations 
made  by  Prof.  E.  E.  Barnakd,  Aug.  21,  22  and  23,  were 
received  by  mail.  Although  telegraphed  from  California, 
Aug.  26,  their  publication  was  delayed,  owing  to  three  wrong 
words  in  the  telegram. 


1895  August  16.4510  Gr.iM.T. 

o  '  » 

164     1  33     ^ 


0)  = 

Q,  =  172  32  40      J-Mean  E(piiii.  1895.0 

I  =  3  38     4.5) 

\ogq  =  0.142716 


Correction  to  ephemeris  Sept.  3  (from  obs.  by  Prof.  Pxiss, 
Albany)  was     +15'     and     — 0'.7 


ON   TWO  RECENTLY  ANNOUNCED   VAIUABLES, 

By  PAUL  S.  YENDELL. 


K.A. 
This  is  An 
iwmlsclw  Xiti 
follows : 

1895 


(7084)     —Lijnie. 
I'.li'  3'"  23\6        Decl.  =  +  29°  2.-.'. 8     (1S55) 
derson's  "star,  noticed  by  him  in  the  Astro- 
fhten,  no.  3279.      I  have  observations  as 


April  3 
May  16 
July  23 
Aug.  16 
Sept.  14 
15 


not  seen : 


9.1  mag. 
9.1  mag. 


limit  <  12  mag. 
12    •'     ± 
••     <12    •' 
12    " 


The  star  is 
DoroJiesti'.r, 


certainly  variable. 
1895  Septemherll. 


7999  XAquarii. 
To  tlie  best  of  my  knowledge,  the  only  confirmation  of 
this  star's  variability  has  been  that  of  Pickekixc;,  from  the 
pliotographs  on  whose  indications  the  original  announce- 
ment was  based.  I  have  five  observations,  which  com- 
pletely confirm  its  variability ;  they  are  as  follows  : 

1895  July  28  8.7  mag. 

30  8.8    •• ' 

Aug.  16  9.6    '• 

21  9.6    •• 

Sept.  14  not  seen;  limit  <11  mag. 


OBSERVATIONS   OF   COMET  a  1895, 


MADE    .\T  THE    DUDLEY   OBSEKVATOBY, 

By  lewis   BO.SS. 


ALBANY',  N.Y. 


1S95  Albany  M.T. 

* 

No. 
Comp. 

Ja 

-* 

&^'s  apparent 

!        s 

log 

lovn 

forr! 

h         ni       s 

Sept.  14     13  11   11 
17     13  28  52 
19     13  24  35 
24     12  18  44 

4 
5 
5 
6 

11,8 

8 

9 
13,  10 

111          S 

+0     3.45 
+  1  13.87 
+  2  57.66 
-0  10.92 

+  3  18.8 
+  2  26.3 
-5  40.8 
+  2  42.2 

h        III       s 

1   12  33.83 
1  15  34.59 
1  17  18.40 
1  20  45.63 

o            1             II 

+  5  50  31.6 
+  5  39  27.1 
+  5  31  20.1 
+  5     9     3.5 

M8.685 
7.308 
7.711 

«8.948 

0.722 
0.724 
0.725 
0.700 

Mean  Places  for  1895.0  of  Comparison-Stars. 


* 

a 

Ked.  to 
app.  place 

8    ■ 

Keil.  to                                                .    ^,      .^ 
app.  place                                          Authority 

4 
5 
6 

h        m      s 

1  12  26.78 
1  14  17.07 
1  20  52.78 

+  3^60 
(  +3.65 
I  +3.67 

+  3.77 

+  5  46  47.2 
+  5  36  34.9 
+  5     5  54.9 

+  25''6 
(  +25.9 
I  +26.0 

+  26.4 

See  note  below 

Piazzi46,  Eumk.  592,  Paris  1673  (R. A.) 

A.G..  Albany  396 

Sept.  14,  * 4- *  5;       Ja  = —1™  50^36;       J8  = +10' 13".l.       Also,     *  4— Paris  lfi66;     Ja  =  — 1"' 32«.38;     JS  =  — 2' 10".l. 
The  observations   are   made  with   illuminated   threads.     Sept.  24,   tlie   comet   seemed   rather  brighter  than   on   previous   occasions  ; 
possibly  this  may  have  been  due  to  more  transparent  air. 


158 


THE     ASTRONOMICAL     JOURNAL. 


N«-  355 


NEW    elliptic:    elements   AN 

By 
Epoch  1895  August  24.5  Green w.  M.T. 

M  =  0  30'  4l'42 
w  =  167  42  19.3  ) 
Q    =   170  18     r,.8      1S9.-..0 

;  =     3    0  11.1) 

y  =     40  44  17.2 
,*  =  491".590 


D   EPHEMEKIS   OP   COMET  a  1895  usuift), 

r,E\VIS   BOSS. 

App.  a  App.  8  log  A 

189,-.  I>         111        8  c  '  " 

Nov.  9.5         1  30  59.3         +3  43  59         9.8192 
11.5         1  31  44.1  +3  49  53         9..S322 


log  a   = 

0.572 

269  ; 

Perio( 

= 

7.2: 

2  jears 

Ephemeris  fo 

It    GliEENWHH    ^IlDX 

r.iiT. 

ISDS 

Oct.    6.5 

App.  a 
h         111       s 

1   25  11.1 

App. 

o           ' 

+  4  15 

8 
20' 

louA 
lt.('i224 

8.5 

25 

34.1 

4 

7 

12 

9.6316 

10.5 

25 

52.8 

3 

59 

36 

9.6413 

12.5 

26 

8.3 

3 

52 

37 

9.6513 

14.5 

26 

21.4 

3 

46 

20 

9. CO  17 

10.5 

26 

33.0 

3 

40 

48 

9.6724 

18.5 

26 

44.0 

3 

36 

5 

9.6835 

20.5 

26 

55.2 

3 

32 

14 

9.6949 

22.5 

27 

7.3 

3 

29 

18 

9.7065 

24.5 

27 

21.0 

3 

27 

17 

9.7184 

26.5 

27 

36.8 

3 

26 

13 

9.7305 

28.5 

27 

55.3 

3 

26 

5 

9.7428 

30.5 

28 

16.8 

3 

26 

52 

9.7552 

Nov.  1.5 

28 

41.7 

3 

28 

34 

9.7678 

3.5 

2<.» 

10.2 

3 

31 

9 

9.7805 

5.5 

29 

42.5 

3 

34 

36 

9.7933 

7.5 

1   30 

18.8 

+  3 

38 

53 

9.8062 

CoMl'AKI.'^OX    Willi 

Mount  Hamilton. 


Aug.  21 
''2 
23 
24 
26 
27 


Aug. 


AUL 


25 
28 
29 

24 
25 
27 
28 
29 
30 
31 


Ja 

+  o''.98 
+  0.(57 
+  0.37 
+  0.70 
+  0.12 
+  0.51 

Leipsie. 
+  0.87 
- 1 .22 
+  0.15 

Nice. 
-0.32 
-0.56 
—  0.09 
-0.25 
+  0.22 
+  0.02 
+  0.29 


j8 


+ 
+ 


+ 


Oiisi':i;\Arii>.\   (O  — C). 

Noi-thtield. 
Jtt 


7.1 
0.8 
9.7 
0.5 
0.8 
7.3 


-  2.2 
-13.2 

-  5.7 


3.0 
2.7 
0.7 
1.7 
0.1 
2  2 
o  o 


Aut 


23 
25 
28 
30 


+  0.17 
+  0.39 
+  0.62 
+  0.31 


Aug 


Chai'loltesville. 
23        -0.4() 
25        +0.07 
27        +0.73 


Aug.  24 
25 
31 

Sept.  3 
14 
17 
19 
24 


Alljany. 

-0.13 
-0.10 
+  0.L'0 
-0.31 
+  0.03 
-0.02 
+  0.09 
+  0.37 


j8 

+  2.7 
+  0.7 
-4.5 
-2.1 


-0.6 
-0.9 
-0.(i 


+  2.0 
+  4.4 
-2.3 
—  2.0 
+  0.7 
-0.1 
-0.7 
-4.7 


NOTE    L'PON    THE    PROBABLE    ERKORS    OF    MERIDIAN    OBSERVATIONS    IN 

DECLINATION, 

Bv  Tltl'MAX   JIEXKV   SAFFORD,  Field  Memoiual  Pbofessok  of  AsTitd.No.Mv  in  Williams  College. 


In  preparing  a  rather  extensive  catalogue  of  latitude-stars  for  the 
Mexican  Boimdary  Commission,  I  founii  that  tlie  practice  of  astrono- 
mers in  assigning  relative  weights  to  (Ilffcrent  autliorities  in  decli- 
nation varies  widely,  and  that  the  subject  is  so  far  advanced  that  a 
knowledge  of  these  weights  is  inii)ortant. 

A  memoir  now  in  press  deals  with  the  question  of  the  ultimate 
accuracy  of  standard  catalogues  of  declination;  in  tlie  present  paper 
I  shall  take  up  the  probable  error  of  the  single  deliberate  meridian 
observation  according  to  the  present  highest  standards.  The  best 
normal  inquirj-  into  this  matter,  with  which  later  developments  can 
be  compared,  I  fotmd  to  be  Professor  GvLDfix's  reduction  of  C.  A.  F. 
Peters's  series  of  standard  declinations  observed  at  Pulkowa  in 
1842-1S49. 

GvLDtx's  memoir,  contained  in  vol.  5  of  the  "  Ob»ertalions  de 
Poulkova,"  was  published  in  IS".!,  and  is  later  in  dale  than  his  own 
observations,  which,  with  Nvntx's  continuation,  furnish  tlie  stand- 
ard for  the  declinations  of  the  Axtronomisclie  Geaellschaft ;  the 
mean  epoch  is  about  1805.  The  probable  error  (c,)  of  a  single,  or 
as  it  is  called  at  Pulkowa,  an  incomplete  observation,  is  expressed 
by  the  radical 

Vo--+p^+c-' 

Here  a  is  the  probable  error  of  setting  and  reading  off  :  p  the 
probable  difference  between  the  actual  refraction  and  that  which  is 
computed  from  the  indication  of  the  meteorological  instruments  ; 
and  f  the  probable  error  of  the  zenith-point  use4  in  the  reduction. 


Tlie  Pulkowa  standard  zenith-distances  are,  as  is  well  known, 
measured  with  an  alta/.inntth;  and  in  the  normal  use  of  the  instru- 
ment the  probable  error  C  is  much  diminished  by  immediate  reversal 
of  the  instrument,  liy  a  half  rotation  about  its  vertical  axis,  and  reoli- 
servatiou  of  the  star  in  this  position,  at  the  same  culmination.  Hence 
the  probable  error  (r)  of  a  double,  or  as  the  Pulkowa  astronomers 
calls  it,  a  complete  observation,  becomes 

V4o--^  +  p-  +  »i-^ 

There  cr  and  p  are  the  same  as  before,  and  rj  is  the  residual 
probable  error  of  the  zenith-point,  due  mainly  to  slight  strains  in 
turning  the  instrument  aroimd,  or  perhaps  slight  influences  of  tem- 
perature upon  the  level. 

The  values  of  C,  r],  derived  by  Professor  GvlI)1^:x,  are  respectively 
±0".30  and  ±n".]l:  that  of  <t  varies  from  ±0".24  at  the  zenith  to 
±1".13  at  a  zenith-distance  of  S.5°;  it  is  ±Q".ZZ'>  at  45°  from  the 
zenith,  and  ±0".48  at  00°.  The  value  of  p  was  found  by  Fiss.  in 
agreement  with  AiitiKLAXPEit'.s  observations  at  Kiinigslierg,  to  in- 
crease very  rapidly  near  the  horizon:  the  expression  for  it  is  a  little 
complicated,  and  depends  upon  the  refraction  itself. 

One  consequence  of  this  pecidiarity  is  that  the  ordinary  discussion 
of  the  probable  errors  of  observed  zenith-distances  liy  the  formula 

gives  for  ordinarj'  good  observation,  at  moderate  zenith-distances,  too 
large  a  value  of  v  if  the  observations  near  the  horizon  are  included 
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in  (letenniiiing  it;  and  to  fairly  compare  two  series,  tlie  observations 
slioiilil  l)e  used  witliin  the  same  range  of  zenitii-distance. 

In  Di'ilor  tlion  to  diminish  as  muidi  as  iiossil)le  tlie  i)rol)al)lc  error 
of  an  observed  declination  or  zenith-distance  the  effort  should  be  to 
diminish  the  separate  elements,  or,  p,  C,  /;.  The  Pidkowa  vertical 
circle  enables  f  to  be  brought  down  from  0". 30  to  0".  11  (or/^)  by  a  double 
observation;  and  Bkssel  accomplished  a  similar  result  in  his  last 
series  of  declinations,  completed  just  before  his  decease,  by  observ- 
ing the  nadir  with  every  star,  or  nearly  so. 

These  methods  are  of  course  adapted  to  stanilard  stars  only,  as 
tliey  consume  a  great  deal  of  time. 

For  ordinary  observations  the  zero  of  decliuations  can  be  kept 
under  rigid  control  by  well-determined  standard  stars.  This  pro- 
cess has  been  most  thoroughly  carried  ont  at  Berlin,  by  Professors 
Bkckek  and  Kustnkk,  and  Dr.  Battek.ma.xn.  In  Becker's  cata- 
logue of  .")21  Bradley  stars  (Berlin,  1881),  we  find  that  the  quantity 
p  has  been  made  almost  entirely  to  disajipear.  A  careful  study  of 
liints  in  the  Berlin  reports  makes  plain  that  this  is  accomplished  by 
employing  a  relatively  large  number  of  standard  stars,  thorougldy 
interwoven  with  the  stars  to  be  deterniiniMl.  In  fact,  the  metliod  is 
an  adaptation  of  tliat  contained  in  the  .programme  of  the  ^-Is^ro- 
tiomisciie  Gesellschaft  for  the  great  catalogue.  Here  the  number  of 
zero-stars  required  is  about  4  to  a  zone.  Professor  Becker  gives  6 
as  the  average  number  for  his  catalogue. 

The  (|uantity  cr  can  of  course  be  diminished  by  more  settings  and 
readings-off,  by  greater  care  in  bisection,  or  by  improvements  in  the 
illumination  of  the  field  and  the  limb.  Fairly  to  compare  the  I'ulkowa 
absolute  declinations  witli  Becker'.'.;  relative  ones,  we  nuist  quote 
from  the  results  of  Gylt)6n's  and  NyrIsn'.s  later  tables  of  probable 
errors.  The  value  of  the  probable  error  for  the  declinations  of  a 
complete  observation  10'''  to  56°  is  now  ±0".22  on  the  average,  com- 
pared with  numbers  varying  from  rb0".21  to  ±0".31  in  1842  to 
1S40.  From  10°  to  — .5°,  or  zenith-distances  50°  to  65°,  the  former 
values  varied  Ijetween  ±0".31  and  ±0".47;  they  are  now  on  the 
average  ±0".27;  between  — 5°  and  — 16°  of  declination,  or  65°  and 
76°  of  zenith-distance,  the  former  average  was  somewhere  between 
±0".47  and  ±0".69,  now  is  ±0".41.  All  these  values  indicate  the 
effect  of  greatly  increased  attention  on  the  observer's  part  to  the 
circumstances  of  the  single  observations. 

If  then  we  compare  the  Pulkowa  tables  of  errors  in  their  present 
shape  with  Becker'.'*,  we  are  at  once  impressed  with  the  fact  that 
the  single  relative  observation  at  Berlin  is  equally  accurate  with  the 
double  or  complete  absolute  observational  Pulkowa;  this  indicates 
of  coiu'se  tliat  the  quantity  p,  the  variation  of  refraction  from  its 
normal  amount,  has  been  thoroughly  eliminated  by  zero-stars  near 
the  parallel  of  the  stars  to  be  determined. 

On  the  other  hand  it  must  be  remembered  that  the  casual  errors 
of  the  standard  catalogue  pass  over  into  systematic  and  constant 
errors  in  the  more  numerous  star-places  determined  from  them;  so 
that  as  the  latter  results  become  more  important,  the  care  for  abso- 
lute positions  must  be  more  and  more  increased. 

With  the  Pnlkowa  meridian  circle  the  results  obtained  in  1874  to 
1880  by  Romberg  are  of  very  great  importance.  These  are  relative 
and  based  upon  the  work  with  tlie  vertical  circle;  but  in  such  a  man- 
ner as  to  practically  re-determine  the  individual  fundamental  decli- 
nations, Ijy  the  use  of  Poxd's  method.  In  consequence  of  this,  both 
advantages  are  partially  gained.  Tlie  elimination  of  p  is  not  entirely 
effected,  but  it  is  greatly  diminished  south  of  the  eqiuator,  where  it  is 
most  troublesome;  and  the  determining  stars  are  so  many  that  their 
individual  errors  in  declination  have  very  little  effect. 

The  probable  error  of  a  single  observation  is  about  ±0".34 ; 
greater  tlianwith  Becker,  and  less  than  in  the  incomplete  obser- 


vations with  the  vertical  circle  by  NvRfiN,  whidi,  at  the  zenith  give 
i0".38.     BI';('KI':r's  value  at  this  point  is  ±0".2(;. 

The  size  of  an  instriuncnt  has  a  well-detined  influence  on  its  accu- 
racy, but  one  which  is  less  marked  than  is  usually  supposed.  A 
large  nun'idian  circle  does  not  of  itself  produce  accmate  results,  nor 
a  small  one  those  which  are  seriously  inaccurate.  Two  marked  ex- 
amples of  good  work  are  the  observations  of  I'rof(^s.sor  V.vi.E.N'riNEK 
at  Karlsndie,  and  Professor  Becker  at  (Jotha.  The  former  was 
placed  in  charge  of  the  old  and  defective  observatory  at  JIannheim. 
After  removal  to  a  temporary  building  at  Karlsruhe,  he  employed  a 
Eeiclienbai'li  repeating-circle  reconstructed  into  a  meridian  circle, 
with  ;!.j-inches  aperture,  his  single  observations  at  a  zenith-distance 
of  50°  and  more  have  a  probable  error  of  ±0".4O.  Be('KEJ{  com- 
pleted, with  a  small  and  old  circle  at  (iotha,  the  reobservation  of 
Mayer's  stars  not  in  Bradley:  this  is  well  known  to  all  who  have 
read  Professor  Auwers's  admirable  edition  of  M.vyer,  as  an  excel- 
lent and  thoroughly  accurate  piece  of  work;  hardly  second  in  im- 
portance and  precision  to  his  catalogue  of  Bradley' .s  neglected  stars. 

The  extreme  acciu'acy  of  the  zenith  telescope  in  Wanschaff's 
construction  is  also  a  proof  that  an  object-glass  of  3  inches  in  aper- 
ture, even  with  the  shorter  focal  length  now  in  fashion,  is  not  too 
small  to  produce  extremely  precise  results;  and  that  the  repetition 
of  bisections  at  the  same  culmination  allows  an  increase  of  aceui'aey, 
and  a  diminution  of  the  quantity  denoted  by  (t  in  Gyld^n's  memoir. 

All  things  considered,  the  most  useful  meridian  circle  is  jiroljably 
one  of  about  12cm.  in  aperture,  and  1.5m.  of  focal  length;  but  con- 
structed in  such  a  manner  with  central  illumination  of  field  and  liml> 
that  no  additional  error  shall  arise  or  be  made  possible  thereby.  The 
original  construction  of  the  great  Washington  circle,  like  tliat  of  the 
Leyden  one,  is  faulty  in  this  point;  and  in  both  cases  anomalous 
results  have  been  noticed,  and  the  precision  attained  has  been  at 
times  far  below  that  which  is  desirable.  It  seems  possible,  however, 
by  continual  watching  of  the  focal  adjustments,  greatly  to  mitigate 
this  evil;  the  larger  Berlin  meridian  circle  seems  to  have  been  used 
by  BecI'Ier  in  the  same  condition,  and  the  fault  corrected  in  current 
work;  the  later  reconstruction  of  the  Berlin  and  Leyden  instruments 
renders  it  easier  to  obtain  precise  results,  which  before  was  not  im- 
possible, but  merely  difficult.  Foerster  had  investigated  the  whole 
problem  of  the  illumination  of  micrometer-points,  and  it  is  to  be 
presiuned  that  his  researches  were  available. 

We  can   now  understand  Prof.  KAisEit's  disappointnienl   at  the 

lack  in  precision  of  his  great  series  of  declinations.     This  seems  to 

be  entirely  accidental,  and  confined  to  the  individual  observations; 

and  the  especial  point  which  attracted  his  attention  was  the  wide 

variations  as  to  probable  error  between  different  stars  and  different 

observers.     With  10  observations  to  a  star  the  probable  error  of  the 

0.476 
probable  error  would  lie    — r^;  ^  0.12     of  the  probable  error  itselt. 
V  15 

The  fact  that  this  amount  was  exceeded  by  the  comparison  inter  se 
of  tlie  probable  errors  of  individual  stars'  indicates  of  course  that  the 
latter  actually  varied  from  time  to  time  in  the  series.  In  other 
words,  when  the  focal  adjustment  was  bad,  owing  to  change  of  tem- 
perature or  other  accidental  causes,  tlie  probable  error  of  a  decli- 
nation would  be  large ;  while  it  would  be  small  if  the  focal  plane  of 
the  object-glass  returned  nearly  to  the  plane  of  the  wires. 

We  now,  thanks  to  Foerster's  investigation,  know  that  a  jierfectly 
central  illumination  relieves  us  from  extreme  anxiety  alrout  the  focal 
adjustments;  but  we  do  not  yet  know  the  effect  on  probable  errors 
of  a  disregard  of  this  principle.  The  eccentric  results  obtained  at 
the  Washington  Naval  Observatory  during  some  years  of  the  use  of 
the  great  meridian  circle  afford  abundant  examples;  but  I  do  not 
know  whether  there  is  sufficient  material  in  them  for  a  full  investi- 
gation. 


160 


THE     A  S  T  K  0  N  (>  M  1 1'  A  L     J  O  U  K  N  A  L . 


K"-  355 


It  may  be  well,  in  conclusion,  to  give  the  most  available  values  of 
the  probable  error  of  a  single  declination  at  the  zenith-distance  45^; 
zone  observations  are  here  omitted,  so  that  the  probable  error  is  one 
which  corresponds  to  thoroughly  dolilicnitc  work. 


Class  1.     Mural  iiuadi'ants. 

Bradley,  ±0'.»l      |      Mayer, 

Class  2.     Reiehenbach  circles  with  verniers. 
Bessel,  ±0'.71       I       Argelunder, 

Strnve,  ±0  .60      |      Preuss, 

Doellen,  dhl'.OT 


.  ±0'.it3 


±0".96 
±0  .82 


The  last  value  is  large,  probably  becau.se  the  limbs  were  tarnished 
by  long  use;  a  circiuustance  which  naturally  affects  vernier  leadings 
far  more  than  microscopic.  The  observations  were  made  half  a  cen- 
tury ago  at  the  beginning  of  Doei.i.en'.s  long  ami  admirable  ex- 
perience. 

Class  ;!,     Mural  circles. 

I'ond-Olufsen,  d::0'.54      I      Cliallis,  ±0".5fl 

Pond-Chandler,         ±0  .47      |      Henderson,  liS34-S7  ±0  .50 
Paris  1S52  (Laugier),  ±(r.42 

Class  4.     English  meridian  circles  before  1850. 

Armagh,  ±0".89 

Class  5.     English  meridian  circles  (.A.iBv's  construction). 
Oreenwi(h(Marth),  ±0".()4      i      Cape  of  Good  Hope.  ±0"..")1 
Greenwich  (.Stone),  ±0  .60      |       Hadcliffe  (Stone),      ±0.5 

Hyannii,  Mass.,  1895  July  IS. 


l!(>iiil>i'rg, 

±0" 

.31 

Uecker, 

±0 

.28 

Valentiner, 

±0 

.40 

Kiistner, 

±0 

.28 

Urowu  and  Flint, 

±0 

.36 

liattermann, 

±0 

.35 

±0"..55 

Class  ().     German  and  American  meriiiian  lirclos  with  microscopes. 

liessel,  ±0'.55 

.Sal ill' r,  ±0  .52 

DoelliMi  ±0  .50 

AVinnecke,  ±0  .49 

Loyilen,  ±0  .50 

Engelmann,  ±0  .46 

Porter, 
Class  7.     The  Pulkowa  vertical  circle. 

Peters,  double  obs.,   i0''.2S       I       Nyrrn, '72,  double  obs.  iO". 29 

Gylden.     ••        "       ±0  .23      |      Nyren,\s5,       "       "     ±0  .23 

It  is  to  be  noted  that  the  numbers  given  for  ExdKi.MANN,  Rom- 
berg, Bkckkk,  Valentineh,  Ki'.sTNEH,  Battekmaxx  and  Pou- 
ter, refer  to  relative  observations;  in  the  first  two  and  the  last  cases, 
however,  the  zero-stars  are  spread  over  a  large  range  of  zenith- 
distance:  and  V.\I.EXTIXI?K  had  an  ex<epli()ually  small  instrument. 

In  Dr.  Cll.\xi>l. Kit's  paper  the  observalious  with  the  vertical  circle 
which  are  double  only,  with  a  single  instrument  anil  observer,  on  a 
single  date,  are  compared  with  Po.xn's,  which  rei|uire  for  a  complete 
determination  (with  a  probable  error  of  ±0'.2)  two  circles,  two  ob- 
servers, and  two  dates:  the  proper  term  of  comparison,  on  the  side 
of  the  Pulkowa  uistruinent,  would  be  the  observations  of  Polaris, 
where  probable  error  is  but  ±0".16.  We  should  need  in  this  case  to 
suppose  that  a  long  enough  time  is  spent  on  Politris  to  reduce  (Jvi,- 
Dlix's  p  to  the  result  of  the  four  different  values  of  the  .sanw  i|uaiility 
involved  in  the  (Jri'enwich  observation. 


OHSERYATTOX   OF   TOTAL   ECLIPSE   OF  MOOX,   1895  SEPTE:MBEK  3, 


1002 


AVITII   OA-lXf'H    KVlATOIilAI.    ol'    SCHOOL   OF   .SCIEXf'E   OlSSEKV ATuKV 

Bv  TAYLOR    REED. 

The  observations  were  made  with  clear  sky  and  fair  seeing. 
During  partial  phase  the  eclipsed  portion  of  the  moon  could  be 
readily  seen.  At  all  the  occuliations  the  limb  could  be  clearly  seen 
in  the  telescope.  From  17''  10'"  to  17''  30'"  G.JI.T.,  the  northern. 
half  of  the  moon  seemed,  as  seen  in  the  tinder  of  the  telescope,  much 
more  reddish  than  the  southern  half. 

Eight  occultations  of  stars  were  observed,  six  immersions,  and  two 
emersions.     The  times  were  all  taken  by  chronograph. 


Star 

W.  liessel  XXn,    987 
XXU,  1006 


OUservcil 
Pr.Sld.T. 

ll      III     s 

Imm.  22  39  15.5 
Imm.  23  19  38.9 


Estlm. 

I.ate 

s 

0.2 
0.4 


Esthnatcil 
Gr.M.T. 

1)         111     8 

16  45  4S.0 

17  25  55.5 


Good 
Good 


.star 

\Y.  Bessel  XXII, 
DJ[.  S'^.59«5, 
Anonvmous, 
DJl.  S'^.MIS?, 
DM.  7°5S96.  • 
DM.  S°59S5, 


-.   I'laxcETox,   X 

.1.. 

Oliscrvcil 

Kstim. 

Estimateit 

Pr.Sld.T. 

I.ate 

tir.  M.T. 

h     III    s 

8 

ll        111     8 

Em.      23  34  31.0 

0.6 

17  40  45.0 

Xot  v.g. 

Imm.  23  :!9  10. 1 

0.4 

17  45  23.5 

Onlv  fair 

Imm.  23  43  14.4 

0.4 

17  48  27.3 

Fair 

Imm.     0    8  37.1 

0.2 

18  14  46.1 

Good 

Imm.     0  23  26.5 

0.2 

18  29  32.9 

V.  sharp 

Em.       0  38  36.4 

0.5 

18  44  19.7 

Fair 

\  rough  measure  made  on  .Sept.  5  gi\'es,  for  the  position  of  the 
star  marked  "Anonymous,"'  42".5  following,  and  4'  15"  north  of 
W.B.  XXII,  1006;  apparent  place  22''  51""  19-,  —7=  .52'.2. 

The  error  of  the  clock  was  deterniine<l  from  three  .stars  about  the 
time  of  the  beginning  of  the  eclipse. 


ketur:?^  of  faye's  comet. 

A  telegram  from  the  Ceutral  Institute  at  Kiel  brings  word  that   the   periodic   comet  of    Fayk  has   been  found 
and  observed : 

Sept.  2G..30o'J  Greeuw.  M.T.         u  =  21"  8'"  11'..5,         S  =   -1°  54'  14". 

A  finding   ephemeris,  computed   by  Engstkcim  from  JIollek's  elements   in    tlie   Berlin  Johrlntch  for  1882,  may 
be  found  in  no.  3306  of  tlie  Astronomische  Nachrichten. 
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RESEARCHES   ON   THE   ORBIT   OF    02285, 

By  T.  J.'  J.  SEE. 


This  close  double  star  was  iliseovered  in  1845  bj'  Otto 
Stkuv?;,  who  measured  the  conipaiiiou  several  times  during 
the  uext  few  years.  The  other  early  measures  were  by 
Madlkr  and  Se(;chi,  while  in  later  years  the  pair  has  been 
measured  only  by  Exgelmann,  Schtaparklli,  Bubnham 
and  the  writer.  Thus,  only  a  small  number  of  observations 
are  available  for  the  determination  of  an  orbit,  but  it  hap- 
pens that  these  are  distributed  so  as  to  give  a  fairly  good 
set  of  elements. 

The  star  has  always  been  a  difficult  object,  and  hence  the 
measures  are  necessarily  less  accurate  than  in  case  of  easier 
stars.  BuKNHAM  was  the  first  to  attempt  an  investigation 
of  the  orbit  of  this  pair  {^Sidereal  Messenger,  June,  1891). 
His  apparent  ellipse  and  the  resulting  elements  are  not 
very  different  from  those  found  in  this  paper.  Mr.  Gore 
has  since  attempted  an  orbit  by  a  very  different  process, 
and  obtained  results  of  a  wholly  different  character 
(Monfhli/  Notices,  April,  1893).  These  two  sets  of  ele- 
ments are : 


Gore 

BUBNHAM 

P  =  118.57  years     . 

62.1 

T  =  1881.93 

1885.3 

e  =  0.58 

0.429 

a  =  0".46 

0".387 

Go  UK 

BURNHAM 

SI    =   107".0 

54°.3 

;  =   45°.  7 

44°.3 

;i  =  i(;r.4 

iso-.o 

Using  all  the  measures,  and  basing  the  work  on  both 
angles  and  distances,  I  find  the  following  elements  of 
OV285: 


F 
T 

e 
a 


76.67  years 
1882.53 
0.470 
0".3975 
62°.2 
41°.95 
162°.23 
-4°.G953 


t 

X  = 
n   = 
Ajiparent  orbit : 

Length  of  major  axis 
Length  of  minor  axis 
Angle  of  major  axis 
Angle  of  periastron 
Distance  of  star  from  center 
The  following  table  of  computed  and  observed    places 
shows  that  the  measures  are  represented  as  well  as  could 
be  expected  in  case  of  an  object  of  this  difficulty. 


=  0".788 
=   0".522 
=   67°.l 
=   255°.3 
=   0".182 


t 

e» 

dc 

Po 

Pc 

\J\i         Pc 

P—P' 

n 

Observers 

1845.80 

o 

72.2 

o 

73.2 

0^61 

n 

0.57 

o 

-   1.0 

+  0.04 

3 

0.  Struve 

1847.96 

72.2 

70.0 

0.42 

0.57 

+   2.2 

-0.15 

3 

Madler 

1852.71 

58.4 

62.9 

0.49 

0.56 

-   4.5 

-0.07 

o 

Madler 

1855.84 

53.9 

58.0 

0.51 

0.54 

-  4.1 

—  0.03 

3 

0.  Struve 

1857.50 

65.5 

55.1 

0.40 

0.52 

+  10.4 

-0.12 

1 

Secchi 

1865.53 

36.0 

38.4 

_ 

0.42 

-  2.4 

_ 

1 

Dembowski 

1876.40 

350.0 

357.4 

0.3  ± 

0.24 

-   7.4 

+  0.06 

1 

Burnham 

1881.50 

_ 

267.6 

doubtful 

0.20 

_ 

- 

1 

Burnham 

1883.84 

258.3 

241.0 

0.22 

0.21 

+  17.3 

+  0.01 

5 

Engelmann 

1887.60 

202.2 

203.6 

0.24 

0.22 

-   1.4 

+  0.02 

4 

Schiaparelli 

1891.30 

168.7 

170.1 

(».24 

0.24 

-   1.4 

±0.00 

3 

Burnham 

1892.30 

162.2 

162.0 

0.24 

0.25 

+   0.2 

—  0.01 

3-2 

Burnham 

1893.46 

156.0 

153.2 

0.24 

0.26 

+   2.8 

-0.02 

1 

Burnham 

1895.32 

147.3 

142.0 

0  30 

0.28 

+   5.3 

+  0.02 

o 

See 

(101) 
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The  only  large  residual  is  that  of  Engklmanx,  whose 
siiiaU  telescope  would  necessarily  render  Ids  observations 
subject  to  considerable  inicertaiuty.  Indeed,  he  ijives  the 
angle  as  78°.3,  but  T  liave  assumed  that  he  really  saw  the 
companion,  and  have  therefore  chanjjed  the  ansjle  by  180°. 
Tlie  estimate  of  3G°  for  tlie  position-angle  in  ISfio.oS  is 
very  nearly  correct,  and  leaves  no  doubt  that  the  elonga- 
tion observed  by  Dkmhowski  was  real. 

AVhen  I  measured  the  object  recently  witli  the  I'Ci-iuili 
refractor  of  the  Leander  McCormick  Observatory  in  Vir- 
ginia, the  stars  were  not  seiiaratcd.  except  on  one  niglit, 
and  hence  the  difficulty  of  the  i>air  will  doubtless  account 
for  tlie  error  in  angle.  The  star  is  slowly  separating,' 
and  ought  to  be  observed  annually.  Tht>  following  is  an 
ephemeris  for  the  next  five  years. 


J  0  U  K  N  A  L . 

t 

IS'.IC..  10 

l.T)!f) 

0.30 

l.S'.l7.4(i 

i;}o.7 

0.;52 

1898.40 

1  •_'(•,..-, 

0.33 

ISilO.  lo 

11'L'.;! 

o.;C) 

I'.IOO.  10 

11.S.4 

o.;i(; 

NO-  356 


The  com]iaralively  long  jjeriod  of  this  close  star  may 
probal)ly  be  construed  to  mean  that  the  system  is  very 
remote  from  the  Kurtli.  otherwise  the  mass  woidd  be  ex- 
cessively small.  The  eccentricity  of  the  orbit  is  fairly 
well  defined,  and  is  near  the  mean  value  of  this  element 
among  double  stars. 

2'lte  Univevsitij  of  CIil(<i(jo,  1895  Se/itember  3. 


OBSERVATIONS   OF   MINOR  PLANET  (372), 

MADE   AT   THE   VASSAIi    COI.I.EGE   OBSERVATOIi V, 

By    MARY    \V.    \V1HTN?:Y    and    CAROLIXE    E.    FURNESS. 


1895  Greenwioli  M.T. 


No. 
Comp. 


Planet  - 


Jo 


I'lanet's  apparent 
«  I  d 


log 
for  a 


pA 


April  11 
17 

18 

19 
23 


h        HI         s 

15  51  56 

16  49  55 

17  19  41 
15  14  58 
15  34  24 
15  49  51 
14  48  40 

0  59 


16 


1 

7 

o 

7 

f> 

6 

3 

5 

3 

9 

4 

10 

5 

12 

6 

(J 

-0 
—  0 

+  0 

-1 
-1 

-0 


3.65 
0.94 
0.17 
9.4G 
8.59 
7.50 


+0  46.09 
+  1  26.49 


+  4 
-4 
-4 
—  5 
-5 
+  7 


36.8 
9.7 
18.9 
31.5 
40.3 
6.8 


+  9  52.1 
-2  28.0 


3 

4 
4 
5 
9 
11 


36.57 

13.26 

14.37 

8.01 

8.88 

7.77 

10.63 

22.57 


+  24  58 
+  23  52 
+  23  52 
+  23  42 
+  23  42 
+  23  31 
+  22  48 
+  22  27 


4.4 
9.9 
0.7 
9.7 
0.9 
5.2 
51.2 
9.8 


9.664 
9.681 
9.683 
9.()24 
9.643 
9.656 
9.608 
9.668 


for  8 


0.615 
0.705 
0.734 
0.609 
0.630 
0.651 
0.605 
0.687 


Mean  Places  for  1895.0  of  Comparison- Stars. 


Obs. 


F 
F 
w 
w 

F 
F 
F 
F 


* 

a 

Red.  to 
.ipp.  place 

8 

Red.  to 
app.  place 

.Authority 

1 

h       m      8 

7  57  38.80 

+  L42 

+  24°  53  21 A 

+  6.2 

Astr.  Gesell.,  Berlin 

2 

8     3  12.83 

+  1.37 

+  23  56  13.9 

+  5.7 

Konn  VI 

3 

8     5  16.10 

+  1.37 

+  23  47  35.6 

+  5.6 

Romberg  1831 

4 

8     5  13.99 

+  1.;54 

+23  23  52.8 

+5.6 

Micrometric  com])arison  with  Romberg  1841 

5 

8     8  23.28 

+  1.26 

+  22  .38  53.8 

+  5.3 

Astr.  Gesell.,  Berlin 

6 

8     9  54.84 

+  1.24 

+  22  29  32.6 

+  5.2 

Paris  10097 

NOTES   ON   VARIABLE   STARS,  —  No.  10, 


By  IIK.NRY    M.   I'ARKHURST. 


R  Comae.  In  consequence  of  the  difficulty  of  observa- 
tion in  the  twilight  with  a  variable  .sky,  I  have  sometimes 
dispensed  with  the  transit-wire,  observing  the  interval  be- 


tween the  disappearance  of  the  variable  and  that  of  the 
comparison-star;  eight  such  comi)arisons  being  recorded  as 
a  double    observation  of   each    star.     When  the   sky  was 
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especially  uncei-taiii,  I  laaile  st'veial  additimial  pairs  of 
observations,  and  rejected  an  ecpial  niuuher  of  the  highest 
and  lowest  eonnts  as  presnniably  vitiated  l)y  the  cloudi- 
ness. On  several  dates  I  also  obtained  a  double  observa- 
tion with  the  transit-wire  and  four  coni])arisou-stars.  The 
two  methods  closely  agreed. 

From  the  liglit-curve  shown  by  my  observations  in  A.J. 
32G,  and  from  the  observations  in  each  of  the  four  years 
given  in  the  table  below,  1  obtained  the  corresj}onding  ajv 
proximate  maxima.  Taking  the  epoch  in  1831,  1  obtained 
the  formula  23S0  922.3  +  357.50  E  +  0.06  E  -,  with  which 
tl^  comparisons  in  the  table  are  umde  In  consequence  of 
the  interruptions  in  the  observations  of  1S!)I  and  IS'.lo,  it 
is  probable  that  tlie  coincidence  of  this  year  is  partly  acci- 
dental. Yet  the  eastern  elongation  appears  to  have  been 
reached. 

If  the  above  formula  should  be  replaced  by  a  sine-formula, 
which  is  usually  more  reliable,  it  will  modify  \i\j  conclusions 
in  ,(../.  326.     The  corrections  given  in  the  table  also  repre- 


sent very  nearly  the  comi)arison  with  the  sine-formulas  best 
representing  the  inconsistent  observations  of  1856  and  1857  ; 
and  both  these  formidas  indicate  that  the  maximum  will  not 
occur  many  days  later  than  at  present. 

Y  Boot  it.  The  times  given  in  the  table  below  are  the 
lowest  points  during  the  long  series  of  continuous  observa- 
tions, which  are  so  grouped  in  the  table  of  individual 
observations  as  to  avoid  counterbalancing  errors ;  but  no 
satisfactory  minimum  was  observed,  the  sky  being  usuall}' 
unreliable,  and  the  observed  depressions  brief  and  uncer- 
tain. The  sine-formula  given  in  .].'/.  32!)  has  not  been  con- 
firmed. 

Date 

ISlarch    5 

18 

31 

9 

30 

6 


Min. 
3258.61 1 
3271.627 
3284.557 
3323.606 
3344..-)97 
3443.542 


May 
Sept. 


E 

119 
124 
129 
144 
152 
190 


(,'orr. 

—  (1.010 

—  .026 

—  .042 

—  .042 

—  .009 
+  0.O2O 


Results  of  Obseuvations. 


Observed  Date 

No. 

Star 

Pliase 

Julian 

Calendar 

E 

Corr. 

W 

Eemarks 

3712 
3881 

V  Leonis 

V  Hydrae 

Max 

3334 

13!t5 

Mav  20 

14 

+  51 

6 

Probably  not  variable 
Cun'e  flat  and  irregular 

3994 

S  Leonis 

Max 

3268 

]\Iar.  15 

66 

-18 

3 

, 

a 

a 

Min 

3355 

June  10 

67 

- 

- 

From  elements 

4160 

T  Leonis 

Min 

3318 

:\ray    4 

- 

- 

8 

Assumed  3s5f  DJI.+4°2o0.5.     Fluctuation;  period  un- 
certain 

4300 

X  Virt/inis 

- 

- 

— 

- 

- 

- 

Probably  fluctuates  somewhat 

4315 

II  Comae 

Max 

9039 

Aug.  16 

53 

+  0.7 

1 

1883;  from  light-curve;  see  note  above 

a 

ii 

Max 

9402 

Aug.  13 

54 

-0.3 

1 

1886;  see  H.C.O.  Annals,  vol.  XXIX 

a 

it 

Max 

0494 

Aug.  10 

57 

-0.8 

1 

188";  see  H.C.O.  Annals 

a 

a 

Mas 

1955 

Aug.  10 

61 

+  1.9 

1 

1891;  see  H.C.O.  Annals 

- 

It 

Max 

3048.1 

Aug.     7 

64 

0.0 

9 

1894,  A.J.  326 

.'* 

ti 

Max 

3413.2 

Aug.     7 

65 

-0.1 

9 

1895 

4377 

T  Jirr/iiiis 

Min 

3284  : 

ilar.  31 

or- 

— 

— 

Approximation  from  elements;  invisil)le  at  least  three 
months 

4407 

B  Corel 

iNlax 

3358.3 

June  13 

31 

+  29 

9 

4596 

U  Vlrglnls 

Max 

3316 

Mav     2 

51 

-19 

6 

Periodic  inef|uality  confirmed 

4847 

S  Vir;/iiiis 

Max 

3326 

May  12 

42 

-   9 

9 

Rejecting  May  13  would  make  it  later. 

5037 

BH  Virgin  is 

Max 

3339 

Mav  25 

27 

-  3 

9 

6070 

Z  Virr/liiis 

Max 

3383 

July     8 

18 

+  32 

5 

Had  not  appeared  46  days  prior  to  observed  max. 

5144 

Y  Boot  is 

- 

— 

- 

- 

- 

— 

See  note  above 

5174 

ES  Vlrrjlnis 

Max 

2950 

May     1 

4 

- 

- 

1894;  prediction  from  elements  ,  A.J.Zil 

i,i 

ti 

Max 

3318 

May     4 

5 

+   8 

6 

5194 

V  Boot  Is 

Min 

3403 

July  28 

16 

-15 

9 

Changes  very  slow 

5237 

B  Boofis 

Min 

3360 

June  15 

61 

— 

— 

From  elements 

il 

it 

Max 

3457 

Sept.  20 

61 

-   4 

9 

Four  comparison-stars  fluctuate 

5249 

V  Librae 

Max 

3376 

July     1 

13 

- 

- 

From  elements;  evidently  at  least  4  months  in  error 

5430 

T  Librae 

Min 

3410: 

Aug.     4 

27 

- 

- 

.Sky  too  hazy  for  faint  stars 

5438 

Y  Librae 

Max 

3459  + 

Sept.  22 

38 

+  130 

1 

First  bright  max.  I  have  seen ;  elements  astray 

5494 

S  Librae 

Max 

3371 

June  26 

40 

-13 

8 

5501 

S  Serpentls 

Max 

3352 

June    7 

67 

+  17 

5 

5511 

BS  Librae 

Max 

3399 

July  24 

10 

-14 

8 

5583 

X  Llhrae 

Max 

3391 

July  16 

38 

-  9 

2 

Correction  +.5  by  my  elements  in  A.J.  ;;oi» 

5675 

V  Coronae 

Max 

3332 

May  18 

17 

—  7 

5 

Cloudy  at  time  of  second  maximmn 
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Individual  Obskrvations. 
3712      1893  February.  March.  Ajiril.  May,  June:      1S94  February,  lS[arcli, 
May,  June  ;  only  a  12". 0  star  seen. 


April,  .May;      1895  February,  March.  April. 


3881  V  Hytlnie 

4300  X  Vlrt/lnis. 

—  Cont. 

I  |(»7   A'  Core/. —  Cont. 

5144   )■  Hoof 

i.t. 

5!  14   )'  liooiis.- 

-Cont. 

(Continued  fron 

:'.2ti) 

.lulian    Calendar 

Mag. 

•Julian    Calendar         Maj;. 

(Continued  from 

32!») 

Jiilian     Calendai 

Mag 

.Julian    Calendar 

Mag. 

2558     Apr.     4 

11.7 

IMC, 

3365.6  June  20       7.79., 

.Julian     Calendar 

Mag. 

IH'.I.', 

3443.503  Sept.  6 

7.79 

3272.6  Jlar.  19 

8.3 

2.565               11 

12.1 

3370.6            25       7.9;?., 

3258.608  Mar.  5 

8.59.. 

.514 

7.96 

3287.5  Apr.    3 

8.2 

2570               16 

11.64., 

.(■>10 

8.67: 

.525 

7.79 

3289.6              5 

8.03.. 

2590      Mav    (> 

11.2 

4596  U  Virginis. 

.(■-i;; 

8.62, 

.53(5 

7.79 

;^295.5            1 1 

7.92., 

2593                 9 

11.65 

(Continued  from  326) 

.617 

8.65, 

..547 

7.97 

;i;!oi.6         17 

.S.28", 

2623     June    8 

11.6 

ISlC, 

3270.6  Mar.  17       9.7 

.(521 

8.223 

.5.58 

7.74 

3303.6            19 

8.08,' 

2870     Feb.  10 

11.4] 

3289.6  Apr.     5       9.0 
3295.5            11       8.64, 

.635 

8.29^ 

.569 

7.96 

.■{.307.5            23 

7.90,, 

2895     Mar.    7 

11.5 

.640 

S.Ol, 

% 

.S;!16.5  .Ma\      2 

7.77„ 

2928     Apr.     9 

11.8 

3;{02.(;            18       7.73: 

.644 

8.0(5^ 

5171  RS  Virginis. 

3321.5        '      7 

7,97^ 

2948              29 

11.9 

331(5.5  Mav     2       7.10: 

3271. .577  Mar.l8 

8.00., 

18IH-5 

.3324.5             10 

7,86., 

2976     May  27 

11.9 

3325.5        '    11        7.S3.. 

..5,S1 

8.1 5j 

2988     June    8 

1  1 

33:>0.5            l(i 

7.72.' 

3242.6  Feb.  17 

11.0] 

3;5:{7.6            2;!       7.85] 

.585 

8.14., 

3000                20 

12 

.•{,342.6            28 

8.06] 

3251.5           26 

11.2 

334;{.()            29       8.03.: 

.589 

8.1  L, 

3O07               27 

12 

3352.6  June    7 

8.25., 

3270.(;  :\rar.  17 

ll.S 

.616 

8.I82 

3289.6  Apr.     5 

8.6 

.•«02.6  Aiu-.  IS 

11.3 

4847  S  Virginis. 

.620 

8.09., 

3.302.6            18 

8.76, 

3994  S  Leonis. 

3342.(;  Mav  28 

12.0 

(Continued  from  320) 

.(523 

7.94 

3316.6  May     2 

9.1.5. 

(Continued  fron 

:?2(i) 

3359.6  Julie  14 

11.8 

1S115 

.625 

8.71 

;5318.(S               4 

.S.56.' 

ISW 

3272.6  Mar.  19       9.7 

I'.OT 

8.84 
8.72 
7.90., 
8.08., 
8.192 

.3321.*;              7 

8.90' 

3242.6  Feb.  17 

11.3 

4315  E  Com 

ae. 

3289.6  Apr.     5       8.8 

.1>W    1 

.629 
.(537 
.641 
.645 

3327.6            13 

it.30„ 

3272.6  Mar.  19 

9.63 

(Continued  from  326) 

3301.6            17       S.2S„ 

3343.6            29 

10.24: 

3287.5  Apr.     3 
.3301.6            17 
.3303.6            19 

10.8 
11.3 
11.75.. 

3:^64.6  June  19 
3370.6           25 

12.0] 
11.9] 

.3316.6  May     2       6.04., 
.3317.5              3       6.3 
3318  5              4       6  38 

.33(52.6  Juiu-  17 
3419.6  Aufi.  i;5 

10.19: 

11.8  ■ 

3312.6           28 

1  '>  R"' 

3385.6  July  10 

11.5 

3.'!'1  (>                7        ()  '^'^' 

.(549 

8.17i 

3324.6  May  10     13.0]" 
4160  T  Leonis. 

1S9S-1S!6 

3403.6           28 
3405.6           30 
3408.6  Aug.    2 
3414.6             8 

10.25„ 

10.24., 

9.75, 

9.67^ 

3327.*;            13       5.47: 
.■{.•{29.6            15       6.20., 
33:57. <;            23       6.6.5: 

;{34:5.6         29      5.9;5: 

3346.6  June    1       5.92,] 

3284.540  Mar.31 
.546 
.549 
.568 
.576 
.580 

3323.543  May  9 

7.74, 
6.75 
8.60 

7  54, 

5194  V  Boot 
(Continued  from 

18!lf> 

3307.6  Aiu-.  23 

is. 
333) 

8.1(5., 

2511     Feb.  16 
2530     Mar.    7 

11.3] 
ll.:5] 

3416.6            10 
;^41.S.6            12 

10.01., 
9.82] 

1  .*^^3 

7.61., 

7  7'^ 

3318.6  May    4 
.3:529.6           15 

9,:{o: 
7.97: 

2558     Apr.     4 
2590     Max     6 

12.3 
12.3 

3419.6            13 
3420.6            14 

9.78^ 
9.99^ 

5(1.' 17  /I'/i'  Jlrginl.t 

1  .  ( »>2 

7.14 

3343.6            29 
3352.6  June   7 

,S.(50., 
8.6(5: 

2623     JuAe   8 

12.3 

(Continued  from  .308) 

.550 

6.97' 

3365.6    ,       20 

8.87: 

2870     Feb.  10 

11.6] 

4377  T  Virg 

nix. 

3301.6  Apr,  17     13.4  : 

..557 

7.21' 

3377.6  July    2 

9..31: 

2914      Mar.  26 

n.i 

(Continued  from  .308) 

3307.6            23     13.4 

.570 

7.09' 

3385.(5        "    10 

9.37., 

2945     Apr.  26 

11.1 

18!15 

3270      Mar   17  1 

;o 

3325.6  May  11     11.6 

.575 

8.03 

3401.6           26 

9.37: 

2976     May  27 

12.5 

^_/ A^    1'.'                    .^<A.(ll*        _!.    ■ 

3370     .Iune25 

13.0] 

3327.C       ■    i;5     ll.S3„ 

.580 

If'^ 

3414.6  Aug.    8 

9.57, 

.',242.6  Feb.  17 

12.3 

(>  da.tes 

3329.6            15     11.90,, 

.585 

7.44^ 

3423.5           1 7 

9.36., 

.•{245.6           20 

11.6 

V^       V&  MM  V\J*J 

3;537.6           23     11.71., 

.592 

7.92" 

3434.6            28 

9.29., 

3272.6  Mar.  19 

11.1 

4407  R  Corvi. 

3;542.(;           28     12.11., 

.599 

8.01 

.3445.5  Sept.    8 

9.21: 

3274.6           21 

3295.5  Apr.  11 

3301.6  17 
3303.6            19 
3305.6           21 

12.5L 

12.39., 

11.3 

11.81.. 

12.19.] 

1895 

3272.6  Mar.  19 
3289.6  Apr.    5 
.'5295.6            11 
3301.6           17 
3312.6           28 

12.5 
11.8 
11.70., 

11. 4s; 

11.09,, 

.3359.6  June  14     12.2 

3;!(;i.(;         k;    12.08., 
.■{;;(i.s.(;           23     12.29 

5070  Z  Virginis. 

.605 
.CI  1 
.(JKi 
.625 
.638 

8.20, 

8.47 

7.87, 

8-09, 

8.01^ 

52.37  11  Hoot  is. 
(Continued  from  333) 

18'J.", 

3271,6  Mar.  18       8.6 

3307.6           23 
3312.6           28 
3324.6  Mav  10 
3326.6       ■    12 
3330.6           16 
3342.6           28 
3362.6  June  17 

12.58., 
13.1 1„' 
12.5  " 
12.59„ 
12.291 
12.0i; 
11.94: 

3325.6  May  11 
3326.6           12 
3327.5           13 
3329.5           15 

3532.5  18 

3337.6  23 
3343.6           29 

9.3(r, 
8.87, 
9.10,, 
8.28.; 
8.98: 
8.57„ 
7.85; 

(Continued  from  308) 

3301.()  Apiri7     13.0] 
3;{07.6            23     13.0 : 
.'5325.6  May  11     13.0] 
3337.6           23     13.0] 
33.59.6  June  14     11.0 
3360.6            15     10.89„ 

.64. 
.655 
.671 
.681 

3344..586  May  30 
.592 
.597 

8.05 
8.13, 
7.39: 
6.60] 

7.22, 
7.1.53 
7.72 

3:364.6  June  19 
3370.6            25 
3418.6  Aug.  12 
3428.6           22 
3434.6           28 
3442.5  Sept.  5 
3448.5           1 1 

11.4 
11.41 
8.90., 
9.09: 
8.47: 
7.80„ 
7.67., 

4300  X  Virginis. 

lfe9S-S 

3346.6  June   1 
3352.6              7 

8.22,, 
7.41„ 

3365.(;            20     10.95: 
3385.6  July  10     lO.dO., 

.600 
.603 

7.23 
7.01 

3455.5            1  .s 
34.59.5            22 

7.0.5., 
7.11, 

2511     Feb.  16 

11.9 

33.59.6           14 

7.36: 

.3387.6            12     10.30., 

.(509 

6.84, 

3460.5            23 

7,17: 

2530     :Mar.    7 

11.3: 

3.362.6           17 

7.70: 

3394.6            19     10.37: 

.615 

6.83, 

3464.5            27 

8,02„ 

2536              13 

11.6 

3364.6           19 

7.69: 

3403.6           28     10.6  ' 

.621 

6.95, 

3465.5           28 

7.79: 

X"-  35G 
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5249  V  Librae. 

(Contimieil  from  15:!;!) 
Juliau    Caleiuliir      Mag. 

18116 

3307     Apr.  23  to 
3368     June  23     13.0] 

5  dates 
3386.6  July  11     13.0: 

5430  T  Librae. 

(Continued  from  333) 

is'.ir. 

3370  June  25  1 2] 
3419  Aug.  13  12] 

5438  Y Librae. 

(Continued  from  333) 
i.ttis 
3307     Apr.  23  to 
3403     Jttly  28     12] 
7  dates 


5438  Y Librae. 
Julian    Calendar 

341 9.(;  Aug.' 13 
3420.6  14 

3428.(;  22 

3429.5  23 

3431.5  25 

3441.5  Sept.    4 
3452.5  15 

3457.5  20 

3459.5  22 


-  Cont. 
Mag. 

10.0 
9.68., 
8.79;; 
9.14.: 
9.27.'; 
9.12.'; 
9.05.; 
9.1  " 
9.00., 


5494  S  Librae. 
(Continued  from  333) 

1895 

3327.6  May  13       9.1 
3329.6  15       9.40, 


5494  S  Librae.  — Com. 
Mas. 


Julian    Calendar 
335(;.6  June"]  1 


3362.6 
3370.6 
3382.6  July 
3387.6 
3394.6 


17 
t 

12 

19 


8.70.. 
7.90.; 
8.2O0 
8  22"^ 
8.51.' 
8.58., 


5501  S  Serpentis. 
(Continued  from  333) 

1895 

3305.6  Apr.  21  11.3 
3327.6  May  13       9.7 
3343.6            29       9.08,, 
3346.6  June    1       8.28,, 
335 1.<)              6       8.35., 
3360.6            15       8.73., 

Comparison-Stabs. 


5511  RS  Librae. 
(Continued  from  333) 


Julian    Calendar 

1895 

3330.6  May  16 
3342.6  28 

33(>2.6  Jnnel7 
3;'.87.6  July  12 
3.19  I.e. 
.■!4oi.(; 

3405.6 
3408.6  Au! 
3411.6 
3420.(; 


19 
26 
.30 

9 


i) 
14' 


Mag. 

11.1 
10.9 
9.06, 

8.2s.; 
7.92.; 

7.86;; 
7.81.; 

8.311 
8.21,; 
8.6I;, 


5583  X  Librae. 
(Continued  from  333) 


3330.6  May  16 


3359.(5  Ji 


14 


12.6] 
12.4] 


5583  X  Lil>rae.  — Cont. 


Julian    Calendar 

1895 

3370.6  June  25 
3385.6  July  10 
3419.6  Aug.  13 


Mag. 

11.5 
11.3 
11.7 


5675  VCoronae. 
(Continued  from  333) 


3307.5  Apr.  23 

9.31  „ 

3327.6  May  13 

8.6I2 

3343.6            29 

8.80., 

3351.6  June    6 

8.99., 

3361.6            16 

9.09„ 

3377.6  July    2 

9.31„ 

4407  B  Corri. 


D 
ID 

E 

H 
\H 

L 
\L 

R 


-18°3379 
-1S°3380 
-18°3388 
-18°3368 
-18°339;! 
-18°3369 
-17°3596 
-1S°3382 


7.01 
7.12 
7.66 

8.25 
7.76 
8.72 
915 
8.82 


6il/ 

4 

4 
IGM 

4 
17ill 

57)/ 

5 


4407  R  Corel. 

IT  -18°3365 

\U  -18°3373 

\W  -18°3372 

X  -18°3370 

Z  -18°3366 

IZ  -18°3371 

;  4m1/    IJF 

k  2s  L 


CoRRiGEXDUM.  —  Page  106,  Comparison-Star  N  is 


—  Cont. 
10.46      8 
10.34     5 
10.74  10 
11.42     2 
11.61 
12.11 
12.15 
12.51 

SDM.- 


5 
1 
4 
1 


F 

H 

I 

1/ 

N 
l.V 
2.V 
2R 

14°2S97. 


5174  BS  Vlr<jl„.l.'<. 
+4°2878  7.40 
+  5°2879 
+  4''2859 
+4°2879 
+  4°2866 
+  4°2877 
+  4°2864 
-f  4^2869 


7.35 
7.95 

7.27 
8.61 
8.36 
8.62 
8.85 


3 

2M 
3 
'dM 

o 
O 

7 
7 


51' 

'4  RS  Flrrj 

Inls.  — Cont. 

Z 

-H5°2883 

10.33 

3 

2Z 

+  4°2S67 

1 1 .84 

1 

3Z 

-f4°2870 

11.21 

1 

4Z 

+  5°2884 

10.04 

3 

(1 

4s7/    If 

11.77 

1 

I 

2),Af    V 

12.84 

1 

0 

Zn^'yp      V 

13.4() 

1 

ERRATA  IN  KLTNKERFUES'S  FORMULAS  FOR  METEOR-PATHS;   AND  IN   THE 
YALUE   OF   LOG,o   FOR   THE   LICK   OBSERVATORY, 

By  J.  M.  SCHAEBEKLE. 


I  consider  it  very  desirable  to  call  special  attention  to 
some  errors  in  the  fundamental  formulas  published  in  the 
treatise  "  Ueber  die  Bahjibesthnmung  der  Meteore,  Meteoriten 
und  Sternsrhnuppen,"  as  I  have  been  put  to  much  useless 
labor  in  the  reduction  of  some  meteor-observations  made 
simultaneously  at  Mt.  Hamilton  and  Mt.  Diablo. 

All  doubts  as  to  the  correctness  of  Klixkekfues's  form- 
ulas seem  to  disapjaear  when  the  computer  finds  that  for 
the  example  given  —  the  data  being  taken  from  actual  ob- 
servations—  he  obtains  by  substitution,  in  the  published 
formulas,  the  same  results  as  the  author. 

The  errors  so  far  discovered  are,  according  to  my  deri- 
vations, as  follows : 

1.  Page  431.  The  ecLuation  ©),  giving  the  criterion,  for 
determining  whether  the  same  meteor  was  observed  at  the 
two  stations,  is  wrong;  the  algebraic  signs  of  the  second 
and  third  terms  of  the  first  member  of  the  equation  must 
be  interchanged. 

2.  Equation  III.  The  factor  sin  (<«  —  «')  must  be 
changed  to     sin(«'  — u). 

3.  In  the  last  formula  given  on  page  431  (the  expres- 
sion   for    p    when   the    parallactic  displacement    in   right- 


ascension   is   .small)  the  second  term  of   the  numerator  is 
wrong ;  the  factor     sin  8     must  be  changed  to     sin  D. 

4.  Last  line,  page  431.  The  expression  for  p'  is  not, 
as  Klinkerfues  states,  symmetrical  with  that  given  for  p. 
When  solving  for  p'  the  algebraic  signs  of  the  two  terms 
in  the  denominator  must  be  interchanged. 

5.  All  the  numerical  work  on  page  435  (so  far  as  it 
relates  to  the  formulas  given  on  page  431)  is  wrong ;  the 
observations  refer  to  two  different  meteors. 


Ox  Lo(i  p  FOK  THE  Lick  Observatokt. 
I  have  found  that  ''dl  the  published  values  of  log  p  as 
given  in  the  various  NuMtical  Almanac.^  refer  to  sea  level, 
for  both  the  Bessel  and  Clarke  spheroids  ;  they  are  there- 
fore in  error  by  about  eight-tenths  of  a  mile,  or  874  units  of 
the  seventh  decimal  place  of  log  p.  The  correct  values  of 
log  p  and  4'  —  if>'  for  the  Lick  Observatoiy,  are  accord- 
ing to  my  computations  : 


Be.ssel 

Clarke 

log  p                9.999556 

9.999548 

d)_,|,'             -t-11'  5".37 

-Hll'  14".80 

ick  Observatory,  1895  Sept.  17. 
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^riCKO.METlilCAL   C'OMl'AlilSON^S   OF   I'OSITIONS   OF    TIT  AX  AND   RHEA, 

IJy  v..  o.  lovett. 

The  following  observations  were  niinU-  witli  the  twouty- 
six-incli  refrat'tor  of  the  Leander  McCormick  (.►bservatory. 
The  angles  {jiven  are  each  the  mean  of  two  conijiarisons; 
the  distances  were  obtained  from  nieiisnres  of  double  dis- 
tances.    Corrections  have  been  applied  for  refraction. 


1894 

EasU'in  Tiiiif 

P 

Eiislern  Tiiiu' 

j« 

h   111   K 

0 

ti   III   » 

n 

Har.  4 

17  37  20 

267.77 

17  52  54 

125.42 

5 

16  7  56 

27(>.()6 

6 

16  49  14 

281.61 

17  38  i;! 

185.86 

18  5  49 

282.70 

17  45  43 

184.55 

8 

13  4  26 

14  .34  11 

64.92 
67.43 

14  5  57 

117.23 

12 

17  5  54 
17  4()  10 

88.60 
88.87 

17  .33  54 

239.03 

13 

16  53  30 

17  56  47 

99.64 
100.24 

18  9  54 

206.63 

14 

16  0  8 

134.71 

17  15  23 

71.56 

17  5  17 

140.19 

17  19  19 

72.03 

15 

12  23  48 

232.67 

13  22  40 

75.98 

13  2  59 

233.57 

13  25  17 

76.31 

13  14  51 

2:!4.15 

13  28  17 

76.31 

13  19  9 

234.62 

13  31  10 

75.27 

13  36  29 

2;{5.53 

14  18  56 

76.42 

14  7  31 

236.81 

14  21  45 

76.87 

15  15  56 

238.60 

17 

16  30  47 

235.45 

16  34  53 

57.64 

17  14  1 

235.28 

16  50  0 

57.52 

18 

11  44  40 

250.84 

11  55  50 

130.04 

12  18  8 

251.65 

12  3  50 

130.50 

15  7  20 

25;;.7() 

15  13  33 

1 4S..38 

15  20  45 

254.18 

15  16  20 

148.81 

21 

16  ;'A   58 

290.80 

16  40  54 

109.86 

16  .52  41 

291.03 

16  46  24 

109.56 

17  33  34 

291.79 

16  48  54 

109.41 

22 

10  14  26 

311.43 

•    .    • 

, 

23 

15  24  40 

290.76 

16  49  46 

64.96 

16  26  41 

290.96 

16  52  27 

64.98 

17  4  32 

291.25 

16  56  22 

64.93 

•• 

16  59  34 

64.84 

2G 

14  35  28 

82.37 

16  14  12 

2.51.18 

16  2  2 

S3. 18 

16  20  .33 

250.90 

30 

14  25  58 

98.54 

15  14  11 

1.31.69 

15  5  43 

98.35 

15  18  17 

132.02 

Apr.  2 

15  56  31 

260.69 

16  6  47 

221.99 

16  24  27 

260.88 

16  15  14 

221.24 

4 

12  46  29 

269..34 

12  43  49 

13  1  13 

123.52 
124.40 

8 

15  49  59 

22.83 

15  55  37 

62.00 

16  5  51 

2.i.2l 

15  59  16 

61.91 

1.5 

11  16  12 

145.39 

11  19  57 

61 .01 

11  33  45 

146.74 

11  22  59 

61.14 

13  50  11 

l(;(i.;;i 

11  2(;  15 

60.56 

14  3  9 

161.05 

11  28  50 

60.54 

14  13  41 

162.23 

13  55  12 

53.05 

14  28  14 

162..30 

13  57  12 

14  6  24 
14  8  41 

52.79 
52.57 
52.53 

ISSM 

Eastern  Tiino 

P 

EastiTii  TiiMi' 

.S' 

li    In   H 

h    III   » 

f 

Apr.  17 

12  40  .38 

237  J  .3 

12  11  54 

41.86 

12  50  57 

237.0'.t 

12  17  5 

41.70 

13  2  22 

237.10 

12  54  19 
12  56  28 

41.86 
41.51 

24 

1,3  45  58 

286.78 

13  49  31 

.S4.40 

1.3  55  30 

286.82 

13  52  48 

8I.1'7 

25 

11  58  50 

.3.30.48 

12  2  29 

51'. 90 

12  7  12 

.331.2.3 

12   1  1!) 

52.76 

14  59  IS 

349.00 

1.5   7  11' 

19.17 

15  13  17 

350.90 

15  il  .35 

19.08 

26 

12  .57  12 

71.39 

13   1  16 

158.95 

13  10  20 

71.50 

1.3  4  .52 

158.117 

27 

15  46  56 

266.96 

15  51'  1'.) 

250.8.3 

16  2  .30 

266. .31 

15  57  1(1 

251.44 

29 

8  48  52 

98..36 

S  52  S 

105.38 

8  5(5  45 

98.53 

8  .54  17 

105.45 

9  56  17 

98.55 

10   0   2 

102..37 

10  7  10 

98.32 

1(1  1'  5'.) 

102. .32 

May  1 

11  43  13 

98.34 

11  k;  0 

1  17.S] 

11  53  8 

98.76 

11  48  13 

147.69 

14  46  4 

99.87 

14  51  39 

146.69 

14  57  27 

99.73 

14  55  31 

14(;.97 

9 

11  4(;  7 

129.14 

1  1  19  2.3 

79.76 

11  53  12 

129.77 

11  51  ;!1 

79.79 

13  0  17 

1.3.3.51 

1.3  6   1 

74. .36 

13  12  26 

1.34..;7 

1.3  8  12 

74..37 

3 

12  22  7 

246.47 

12  25  8 

135.90 

12  30  42 

2-1  (5.37 

12  27  2 

135.81 

9 

14  3  38 

292.48 

14  6  25 

123.52 

14  11  10 

292.71 

14  8  49 

123.50 

10 

13  18  56 

48.01 

13  22  7 

7.3.03 

13  26  51 

49.64 

13  24  23 

7.3.11 

12 

9  34  21 

78.53 

9  37  21 

81.72 

9  43  14 

78.68 

9  40  57 

81.74 

13 

12  5  26 

74.48 

12  7  .54 

91.35 

12  12  9 

74.54 

12  9  41 

91.31 

13  8  27 

74.78 

13  12  53 

99.58 

13  21  16 

74.69 

13  16  31 

99.73 

16 

11  41  20 

104.84 

11  43  .59 

149.97 

11  48  51 

105.06 

11  46  21 

1,50.13 

17 

12  15  43 

194.79 

12  18  43 

41.93 

12  24  25 

195.40 

12  21  22 

41.99 

13  .39  41 

2(»2.51 

13  44  35 

43.19 

13  48  25 

202.90 

13  46  34 

43.09 

21 

9  46  41 

259.63 

9  49  43 

214.00 

9  55  48 

259.75 

9  52  35 

215.50 

24 

11  24  5 

289.75 

11  26  36 

68.00 

11  30  29 

289.97 

11  28  36 

67.98 

12  10  44 

289.77 

12  16  6 

66.65 

12  19  43 

2S9.64 

12  17  45 

()6.(;0 

28 

12  37  26 

77.72 

12  42  .53 

19C>.20 

12  47  36 

77.44 

12  43  59 

195.8(1 

June  2 

9  18  12 

99.36 

9  22  17 

1.50.99 

9  26  7 

99.60 

9  24  26 

151.00 

12  59  22 

102.21 

13  2  47 

143.90 

13  5  47 

102.15 

13  4  15 

143.84 

7 

10  29  37 

264.21 

10  31  24 

123.60 

10  35  7 

264.01 

10  33  19 

123.45 
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]8',)4 

Eastorn  Time 

/' 

Eastciii  'I'imi' 

.>i 

18i)4 

Eastern  Tiiiii' 

P 

Easti'i-n  Time. 

.<» 

li       ni       s 

o 

li         In        H 

II 

h         111        H 

o 

ll           111         s 

It 

.huie     7 

12     8  42 

2C);i.'.>(» 

12  10  49 

128.46 

tJune  15 

12  36  31 

85.70 

12  15  47 

2(i;:.70 

12  13  11 

128.46 

24 

10  32  11 

279.7(i 

10  .■;5  16 

127.84 

10 

9  48  38 

29,S.(l.S 

'.1  52  IS. 

97.42 

10  :'.'.)    (■) 

279.S2 

10  ;;6  10 

128.05 

9  57  48 

298.03 

'.)  54   21 

97.49 

,)ulv      8 

10      1    46 

264.05 

10     4  10 

97.58 

11 

9  58  50 
10     5  45 

57.42 
57.64 

10     2     3 
10     2  56 

75.69 
75.90 

10     9  43 

264.18 

10     6  30 

97.28 

FILAR-MTCKOMETEK   OBSERVATIONS   OF   COMET  a  1895  {swift), 

SI.WlK    WITH    THE    2(i-lNrH    El^l' ATO  I!  1 A  I,   OK    THE    I.KANDKr.    >r<'(>KMICK    OltMKK  V  ATOItY    OK   TU  K    UNIVERSITY    OK    VIUIil.NIA, 

By  OliMONU   STONE. 


1895  Charlottesville  M.T. 

* 

No. 
Comp. 

-* 

j8 

S^'s  apparent 

8 

log 

forrt 

PA 

ford 

h        111       s 

in       s 

(         II 

ll          III           8 

o 

// 

Sept.  15 

15  22  19 

1 

6 

-5  51.18 

1  13  43.63 

9.352 

16  17  56 

1 

•> 

+  5     .•{.3 

+  5  48 

15.5 

0.685 

17 

13  42  19 

o 

17 

+  1  15.62 

1   15  36.47 

8.468 

13  56  11 

2 

2 

+  2  15.9 

+  5  39 

17.9 

0.671 

18 

11     6  54 

o 

O 

-1  15.2 

+  5  35 

46.8 

0.682 

11  29  52 

2 

16 

+2     4.78 

1  16  25.65 

»9.350 

11  46     2 

3 

16 

-1  42.62 

1   1()  26.12 

»9.289 

12  14  37 

3 

4 

+0     7.6 

+  5  35 

39.7 

0.674 

19 

14     9  54 

3 

20 

-0  48.02 

1  17  20.73 

8.988 

. 

14  28     6 

3 

3 

-4  28.8 

+  5  31 

3.3 

0.675 

20 

13  35  48 

4 

2 

+  0  12.4 

+  5  26 

52.0 

0.673 

14     7  27 

4 

9 

-5  19.20 

1   18     8.10 

8.994 

21 

11  58  13 

5 

4 

-0  40.1 

+  5  22 

39.4 

0.676 

12  15  31 

5 

24 

-1  48.99 

1  18  49.49 

9.080 

oo 

13  45  20 

5 

12,4 

-1     5.12 

-5  27.2 

1  19  33.38 

+  5  17 

52.3 

8.827 

0.675 

27 

16     2  36 

6 

12,4 

+  0  14.8.". 

-3  38.9 

1  22  23.90 

+  4  54 

5.6 

9.570 

0.696 

30 

16  21  54 

7 

1 

-1  13.9 

+  4  39 

54.2 

, 

0.703 

16  32     8 

8 

1 

+  0  36.0 

+  4  39 

53.3 

0.705 

16  46  54 

7,8 

5 

+  4  42.33 

1  23  37.84 

9.607 

Mean  Places  for  1895.0  of  Comjjarison- Stars. 

Keel,  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

ll          III         s 

o              /             // 

II 

1 

1   19  31.20 

+  3.61 

+  5  42  46.5 

+  25.7 

Bessel,  Zone  116 

o 

1  14  17.21 

(,  +3.64 
(  +3.66 

+  5  36  36.1 

S  +25.9 
i  +25.9 

j(roerster+Kam  +  Argelander),  A.J\''.  1328, 
1464,  1482 

3 

1  18     5.09 

+  3.65 

+  5  35     6.1 

+  26.0 

Filar-micrometer  comparison  with  ^  2 

4 

1  23  23.64 

+  3.66 

+  5  26  13.5 

+  26.1 

Foerster,  Asti:  Nachr.,  no.  1327 

5 

1  20  34.80 

(  +3.68 
1  +3.70 

+  5  22  53.3 

(  +26.2 
(  +26.2 

Filar-micrometer  comparison  with  ^  4 

6 

1  22     5.28 

+  3.79 

+4  57  17.8 

+  26.7 

Boss  402,  Asti:  Gesetl.  Catal.  (Albany) 

7 

1  18  40.24 

+3.83 

+4  40  41.1 

+  27.0 

Boss  385,  Astr.Gesell.Catal.  (Albany) 

8 

1  19     3.13 

+3.83 

+  4  38  50.3 

+  27.0 

Boss  387,  Astr.  Gesell.  Catal.  (Albany) 

The  comet  has  a  very  faint  stellar  nucleus 
Sept.  .30.     Extremely  faint  in  twilight. 


(1.5i  mag.),  which  was  nearly  always  readily  distinguished. 


NOTE    ON^    THE    SOLAR    PARALLAX,    AS    DERIVED    FROM    THE    OBSERVED 
PARALLACTIC    INEQUALITY    OF    THE    MOON, 

Bv  S.  NEWCOMB. 


In  deriving  the  solar  parallax  from  the  parallactic  in- 
equality, we  necessarily  assume  the  relation  between  these 
quantities  to  be  accurately  given  by  theory.  In  my  work 
on  this  subject  I  have  used  the  relation  as  determined  by 


the  aid  of  Hansen's  numerical  theory.  The  comparison 
of  this  theory  with  that  of  Delaunay,  given  in  the  first 
volume  of  the  Astronomical  Papers  of  the  American  Ephem- 
eris,   tends    to  inspire  confidence  in  the  precision  of  his 
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results,  because,  wliere  the  coefficients  were  well  ileterniined 
from  Delaunay's  theory,  the  agreement  was  very  gener- 
ally satisfactory ;  and  where  Delaunay's  terms  were  not 
well  determined,  owing  to  the  defective  convergence  of  the 
series,  the  difference  was  generally  quite  compatible  with 
the  probable  value  of  the  terms  omitted  by  Dklaunay. 

In  the  case  of  the  ])arallactic  ineiiuality,  liowever,  the 
agreement  could  be  brought  about  only  by  assuming  either 
a  somewhat  improbable  irregularity  in  the  progression  of 
the  higher  terms  omitted  by  Dklaunay,  or  an  error  in  the 
liighest  term  which  he  computed.  As  the  doubtful  term 
in  (juestion  was  incompatible  with  the  seeming  law  of  the 
series  as  derived  inductively  from  the  preceding  terms, 
while  this  law,  if  accepted  throughout,  would  reproduce 
Hansen's  result,  I  accepted  the  latter  with  entire  confi- 
dence in  its  correctness. 

Now,  however,  the  results  published  by  Mr.  0.  \\'.  II ill 
in  No.  353  of  the  Astronomical  Journal,  taken  in  con- 
nection with  the  i)revi()us  re.svdts  of  I'rofessor  Rkown.  given 
in  the  American  Journal  of  Jlathema/ir.-i.  \'o].  XIV,  contirni 
Delaunay's  theorj',  so  far  as  the  principal  doubtful  term 
is  concerned.  Accepting  this  continuation,  and  deriving 
the  values  of  those  terms  which  depend  on  the  eccentricity 


and  inclination  by  Dklauxav's  theory,  as  conjecturally 
eonii)leted  through  induction,  the  result  will  be  an  increase 
of  the  Hansenian  theoretical  value  corresponding  to  a  given 
value  of  the  .solar  parallax  by  0".30.  Conversely,  the  value 
of  the  solar  paralla.x  derivable  from  the  observed  value  of 
the  parallactic  inequality  should  be  diminished  by  0".021. 
I  have  found  for  the  value  in  (juestion,  from  Hansen's 
theory,  8".794.  If,  then,  we  accept  the  conclusions  here 
reached,  we  shall  have 


Solar 


from  parallactic  in('(|uality    =   S".773. 


We  cannot,  liowever,  regard  this  correction  as  conclusive, 
because  there  is  still  some  doubt  as  to  the  theoretical 
magnitude  of  the  terms  in  c-  and  y",  owing  to  the  incom- 
pleteness of  Delaunay's  theorj-.  The  uncertainty  would, 
however,  be  less  than  0".10  in  each  term,  and  then^fore  less 
than  (f'.Ol  in  the  solar  jnirallax.  were  it  not  that  the  case  of 
the  principal  term  shows  that  the  process  of  completing 
the  series  of  the  lunar  tlieory  by  induction  is  always  a 
doubtful  one.  The  determination  of  the  quantities  depend- 
ing ou  the  lunar  eccentricity  and  inc'lination  by  the  new 
methods  of  Hii.i,  and  linowx  are  tlicnd'dre  nmch  to  be 
desired. 


N^EW   ASTRONOMICAL  AVOKK8. 


Jird-und  Himmelsgloben,  Hire  Geschichte  und  Konstruction.  Nach 
detn  ItalieniKchen  Mattko  Fioiaxis  fret  tjearheitel  von  .Sieg- 
MCXi)  Gi'XTHKU.     Leipzig,  B.  (1.  Teubner,  1895. 

Au  elaborate  treatise  on  the  history  and  constniction  of  terrestrial 
and  celestial  globes.  It  has  been  expanded  by  the  translator  into 
nearly  twice  the  volume  of  the  original;  and  the  present  work  seems 
likely  to  remain,  for  some  time,  tlie  chief  authority  on  its  subject. 


Astronomical  Paperx  prepared  for  theuse  of  the  American  Epheme- 
ris  and  yautical  Almanac. 

Vol.  V,  part  III.  of  this  series  contains  the  •  Theory  of  the  Ine- 
qualities in  the  Motion  of  the  Moon,  prodnoed  by  the  Action  of  the 
Planets,'  by  Prof.  Si.mox  Xi'.wcomis.  It  is  a  tri'alise  of  11».">  pages;  — 
chapter  I  consisting  of  a  discussion  of  the  (li'iicnil  'I'heoiy  of  the 
motion  of  three  bodies;  chapter  II,  of  the  application  of  the  same  to 
the  special  case  of  the  moon's  motion;  and  chapter  III  giving  the 
numerical  developments  for  detcriniiiing  the  action  of  the  several 
planets  on  the  moon, — Mercury,  Venus,  Mars  and  Jupiter  being 
considered. 

Vol.  V,  part  IV,  78  pages,  is  a  discu.ssion.  by  Prof.  Nkwcomh,  of 
the  secular  variations  of  the  orbits  of  the  four  inner  planets,  and 


gives  the  final  results  for  the  three  fundamental  epochs,  lliOO,  1850, 
and  2100. 

Vol.  VII.  part  I,  comprises  the  'ral)les  of  Jupiter  by  Prof.  Geohge 
W.  IIlLI..  

J.  M.  .Scu.\EBF.i{i.E.  Report  on  the  Total  Eclijisc  ufllic  Sun,  ob- 
served at  Mina  ISronces.  Chile,  on  April  It),  18'.I3. 
This  contains  in  the  first  phace,  a  narrative  of  the  expedition,  « ith 
a  description  of  the  instruments,  and  accoimts  of  the  voyages  out- 
ward and  homeward,  the  place  selected  for  the  station,  and  of  the 
routine  adopted  in  obtaining  the  photographs.  Eight  of  these  wore 
taken  by  Prof.  S(  ii.\kbei!i.b,  with  a  ('lark  lens  of  40  feet  focus  and 
5  inches  aperture:  ten  by  Messrs.  G.m.e  and  \Valki:I!  with  a  (lark 
equatorial  of  ti  feet  focus;  ten  by  Messrs.  KiX(i  and  UnAV  with  a  li-incli 
Dallmeyer  portrait  lens:  six  by  Mr.  TiKKPEfit  i  with  a  .'iXT-inch 
(■amera,  and  cigliticn  by  Mr.  IIoi.k  with  a  4X.'i-lnch  camera. 

The  results  comprise  a  detailed  description  of  the  prominences, 
coronal  arches  and  streamers  shown  on  tlu'  plates;  as  well  as  positions 
of  the  comet  dete<ted  by  Prof.  Scu.VEiiEltl.i-;  in  the  photographs,  and 
a  siuumary  of  his  mechanical  theory  of  the  Corona,  which  have  already 
been  published. 

The  Keport  is  abundantly  illustrated,  and  numerous  photographs 
are  given. 


CORRIGENDUM. 


No.  355,  p.  I'u,  line  21,   for    (7084)    read    (6871). 
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RESEARCHES   ON   THE   ORBIT   OF   :  IIERCULI8  ^  I%m, 

By  T.  J.  .1.  .SEE. 


This  celebrated  double  star  was  discovered  by  Sir  Wil- 
liam Hkrschel  -Inly  IS,  1782.  On  July  21  he  measured 
the  position  of  the  comiianiou,  and  obtained  an  angle  of 
(i()°.3.  In  1705  Hkrschel  again  examined  the  object,  and 
noted  that  the  distance  had  decreased,  but  that  it  was  in 
the  same  quadrant  as  before;  this  appears,  however,  to  be 
a  mistake,  as  the  companion  at  that  time  must  have  been 
in  the  opposite  quadrant.  It  is  remarkable  that  Hkksciiel 
conld  not  separate  the  companion  in  1802,  as  the  angle  was 
then  174°. 5,  and  the  distance  1".24. 

Beginning  with  Struve's  observation  in  1826  the  record 
is  practically  continuous,  and  we  have  measures  for  each 
year,  except  when  the  companion  was  so  close  as  to  be  lost 
in  the  rays  of  the  larger  star. 

The  periastron  is  so  near  the  central  star,  on  account  of 
the  considerable  eccentricity  and  the  position  of  the  node, 
that  the  companion  has  never  been  seen  in  this  part  of  the 
orbit.  According  to  the  elements  found  below,  the  mini- 
mum distance  is  about  0".45.  Therefore,  in  spite  of  the 
comparative  faintness  of  the  companion,  whose  magnitude 
is  6.5,  while  that  of  the  central  star  is  3.0.  this  oljject  ought 
to  be  constantly  within  the  reach  of  our  great  refractors. 


In  previous  revolutions,  however,  the  star  has  been  lost, 
and  it  will  therefore  be  a  matter  of  great  interest  to  follow 
it  during  the  next  peria.stron  passage  in  1899.  (iood  ob- 
servations in  this  part  of  the  orbit  are  needed,  and  the  rare 
phenomenon  which  will  be  presented  by  !^  Hern  if  is  aliout 
the  end  of  this  century  will  be  worthy  (jf  the  attention  of 
observers  with  large  telescopes. 

Notwithstanding  the  three  revolutions  which  have  been 
completed  since  Herschel's  discovery  in  1782,  our  knowl- 
edge of  the  orbit  of  this  jiair  has  remained  somewhat  unsat- 
isfactory ;  the  elements  heretofore  obtained  are  by  no  means 
accordant.  This  divergency  of  results  may  be  attributed 
partly  to  errors  of  observation  incident  to  the  inequality  of 
the  components,  and  partly  to  a  sensible  mistake  in  the  old 
position-angle  of  Herschel,  which  ought  to  have  been 
about  80°.  Indeed,  Herschel's  observation  does  not  seem 
to  lay  claim  to  much  accuracy,  for  on  August  30,  1782,  he 
says:  "Saw  it  better  than  I  ever  did,"  —  implying  that  on 
the  previous  occasions  the  companion  was  not  very  well 
defined.  The  following  table  gives  the  elements  piUilished 
by  previous  investigators : 


p 

T 

e 

a 

Q, 

i 

^ 

Authority 

Source 

30.216 

1830.42 

0.432 

1°208 

O 

19.4 

44°1 

276.65 

Miidler, 

1847 

31.4678 

1829.50 

0.4545 

1.189 

39.43 

50.9 

262.1 

Madler. 

A.N.,  vol  XVI,  p.  33-42 

36.357 

1830.481 

0.4482 

_ 

214.35 

43.7 

284.9 

Villarceau, 

A.K,vohXXVI,  p.305 

36.715 

1830.237 

0.4831 

1.350 

41.9 

49.1 

290.6 

Villarceau, 

1854 

C.E.,  XXXVIII,  p.  871 

37.21 

1830.56 

0.4381 

— 

37.23 

39.35 

266.9 

Fletcher, 

1853 

M.K,  XIII,  p.  258 

34.221 

1830.01 

0.4239 

1.223 

45.93 

34.87 

209.5 

Duner, 

1871 

A.K,  1868 

36.606 

1829.635 

0.5511 

1 .374 

27.0 

50.23 

266.7 

Plnnimer. 

1871 

M.X..  XXXI,  195 

34.58 

1864.90 

0.405 

1.36 

26.13 

51.11 

260.97 

Flammarion 

1874 

Catalogue  Et.  Doub.,  p. 

101 

34.4 

1864.8 

0.4()3 

1.284 

41.73 

43.23 

252.75 

Doberck, 

1880 

A.K,2332 

34.411 

1864.78 

0.4666 

1.345 

44.1 

44.53 

251.8 

Doberck. 

After  an  examination  of  all  the  observations  I  formed 
mean  positions  for  each  year,  and  from  these  mean  places 
deduced  the  following  elements  : 

F  =  35.00  years 
T  =   1864.80 
e  =  0.497 


a 

=   1".4321 

9. 

=  37°.5 

i 

=   51°.77 

). 

=   101°.7 

n 

=    _10°.2843 

(169) 
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Apparent  orbit : 

Length  of  major  axis 
Length  of  minor  axis 
Angle  of  major  axis 
Angle  of  periastron 
Instance  of  star  from  center 


2".492 

l".7o2 

43M 

28i)°.0 

0".4r)o 


The  following  table  of  computed  and  observed  places 
shows  that  the  elements  give  a  good  representation  of  the 
observations,  and  render  it  probable  that  the  present  orbit 
is  very  near  the  truth.  There  are  some  errors  in  the 
position-angles  which  appear  to  be  systematic,  and  we  have 
not  been  able  to  improve  the  representation  ;  for  wliatever 
would  improve  the  agreement  in  one  place  would  injure  it 
in  another,  or  in  the  same  place  during  the  next  revolution. 

It  will  be  seen  that  this  orbit  is  slightly  more  eccentric 
than  most  of  those  heretofore  deduced,  but  it  is  not  probable 


that  the  eccentricity  will  prove  to  be  too  large.  If  any 
change  should  be  retiuired  in  this  element,  it  is  likely  to 
increase  rather  than  diminish  the  value  given  above.  Tlie 
eccentricity  of  the  orbit  of  f  HemUis  is  near  the  mean 
value  of  this  element  among  double  stars,  and  is  such  that 
solutions  of  Kki'ler's  ecpiation  by  the  methods  heretofore 
in  use  are  slow  and  tedious.  Therefore  it  does  not  ajijiear 
inajipropriate  to  call  the  attention  of  astronomers  interested 
in  sohitions  of  Kei-lkk's  e(piation  for  the  more  eccentric 
orbits  to  the  rapid  and  e}^tremely  practical  method  which  I 
have  discussed  in  the  pai)er  communicated  to  the  Koyal 
Astronomical  Society  at  the  June  meeting.  The  possibility 
of  this  method  was  long  ago  made  known  by  Dubois,  but 
it  does  not  apjiear  to  have  come  into  actual  use.  Tlie 
method  is  general  for  ellipses  of  all  possible  eccentricities, 
and  in  the  theory  of  double  stars  and  jieriodii-  conii-ts  will 
prove  to  be  of  the  greatest  service. 


COJIl'.\KISO\    OF    CO.MI'UTKD    WITH     OhsEUVKD    Pl.VC'ES. 


t 

9 

Oc 

Po 

Pc 

6.-6. 

Po-Pc 

71 

Observers 

1782.55 

69'.3 

80.5 

» 

L51 

O 

-11.2 

fl 

1 

Herschel 

1795.80 

_ 

248.9 

_ 

0.65 

_ 

— 

1 

Herschel 

1802.74 

_ 

174.5 

_ 

1.24 

- 

- 

1 

Herschel 

182(;.()3 

23.4 

27.1 

0.91 

1.00 

-  3.7 

-0.09 

5 

Struve 

1828.71 

349.5 

344.0 

0.65 

0.54 

+  5.5 

+0.11 

1 

Struve 

1832.72 

220.5 

216.0 

0.81 

0.97 

+  4.5 

-0.16 

1 

Struve 

1834.45 

203.5 

201.5 

0.91 

1.14 

+  2.0 

—0.23 

•> 

Struve 

1835.45 

196.9 

191.6 

1.09 

1.20 

+   5.3 

-0.11 

o 

Struve 

1836.60 

186.2 

182.8 

1.09 

1.23 

+  3.4 

-0.14 

o 

Struve 

1838.70 

168.5 

167.5 

1.35 

1.24 

+  1.0 

+0.11 

3± 

Galle 

1839.76 

161.9 

159.9 

1.22 

1.25 

+  2.0 

-0.03 

4 

Dawes 

1840.66 

157.1 

153.7 

1.25 

1.25 

+  3.4 

±0.00 

5 

W.  Struve 

1841.56 

146.4 

147.2 

1.24 

1.25 

-  0.8 

-0.01 

16-6 

:^[adler,9-0;   OX,  3;  Dawes,  4-3 

1842.54 

142.0 

140.3 

1.14 

1.26 

+  .1.7 

-0.12 

9  4 

Madler,3-0;  Dawes, 3-1;   01'.,  3 

1843.65 

130.1 

132.1 

1.30 

1.28 

-   2.0 

+  0.02 

20-2 

Madler,  8-0 ;  Dawes,  3-2 ;  Mitdler,  9-0 

1844.50 

124.7 

127.1 

1.12 

1.30 

-   2.4 

-0.18 

7-2 

Madler,5-0;   01'.,  2 

1845.64 

121.3 

119.3 

1.24 

1.32 

+  2.0 

-0.08 

3 

0.  Struve 

1846.79 

111.3 

112.1 

1.31 

1.3> 

-  0.8 

-0.04 

7-2 

02".,  2  ;  Dawes,  5-0 

1847.55 

107.9 

107.4 

1.43 

1.38 

+   0.5 

+0.05 

21-20 

Madler,  18-17;  Dawes,  1  ;    02'.,  2 

1848.59 

101.8 

101.4 

1.52 

1.41 

+  0.4 

+  0.11 

8-5 

Madler.' 3-0;  Dawes,  3;   OX,  2 

1849.48 

99.2 

96.5 

1.71 

1.44 

+  2.7 

+  0.27 

1 

Dawes 

1850.36 

93.3 

91.7 

1.39 

1.46 

+   1.6 

-0.07 

8-6 

01.,  3  ;  Fletcher,  2  ;  Miidler,  3-1 

1851.50 

87.9 

85.7 

1.35 

1.49 

+  2.2 

-0.14 

16-14 

Madler,  3;  Fletcher,  6;   01.,  5;  :\Iiller.2-0 

1852.67  :    83.8 

79.8 

1.32 

1.52 

+  4.0 

-0.20 

20-14 

OX.  5;  Madlei.8-7;  Fletcher.  5-2  ;  Miller,  2-0 

1853.46       7S.3 

76.1 

1.38 

1.53 

+  2.2 

-0.15 

23-20 

Jacob,  2;  Miller,  6-3;  Madler,  S;    OX.  4;  MMdl.T.3 

1854.46  :    75.0 

71.2 

1.47 

1.53 

+  3^8 

-0.06 

11 

Jacob,  3;   OX,  3;  Madler,  5 

1855.46 

70.8 

66.4 

1.47 

1.53 

+  4.4 

-0.06 

24-11 

Dembowski,  13 -6:  Secchi,.".;    OX,  4:   Morton.  4 

1856.48 

64.8 

62.2 

1.43 

1.51 

+   2.6 

-0.08 

27 

Jacob,  3;  Dembowski,  15  ;  Secclii,  6;    OX.  3 

1857.61 

59.0 

55.5 

1.35 

1.46 

+  3.5 

-0.11 

24 

Madler,  4;  Mo.,  2  ;  Secchi,  6  ;   OX,  4;   I)em.,5;  Ja.,3 

1858.58  '    51.0 

50.5 

1.19 

1.40 

+  0.5 

-0.21 

22-21 

Secchi,  2;  Dembowski, 8;   0X,4;   Miitller,  8-7 

1859.58  ;    43.1 

44.1 

1.25 

1.30 

-   1.0 

-0.05 

19-15 

Madler.  6;  Secchi.  3-0  ;  Dawes,  6 -5;   OX.  4 

1860.70 

32.0 

36.5 

1.05 

1.16     -   4.5 

-0.11 

4 

Secchi,  3;   OX,  1 

1861  50 

18.6 

28.5 

0.9;; 

l.dL'     -  9.9 

-0.09 

6 

Madler,  2;   OX,  4 

1862.73 

11.2 

12.9 

1.00 

0.78 

-   1.7 

+  0.22 

9-1 

Dembowski,  8  ;   OX.  1  ;  Madler,  2 

1863.49 

343.0 

352.2 

cuneo 

0.59 

-  9.2 

— 

4 

Dembowski 

1865.55 

250.0 

256.6 

<0.5 

0.59 

-   6.6 

-0.09 

3 

Engehnann 

1866.74 

232.5 

1  229.0 

0.85 

0.85 

+  3.5 

±0.00 

14 

Dembowski,  5;  Dawes,  3;   OX,  2;  Dawes,  2  ;  Dawes,  2 
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t 

6o 

e. 

Po 

p. 

do- 

-Oc 

P—pT 

n 

Observers 

18fi7.(!2 

223.5 

0 

217.2 

0^91 

0.99 

+ 

0 

6.3 

-o'!os 

9 

Deuibowski,  7  ;  DuiK'r,  2 

18GS.54 

208.3 

207.7 

1 .05 

1.09 

+ 

0.6 

-0.04 

17 

Denibowski,  6  ;    Knott,  4  ;    0^'.,  2  ;   DuiR'r,  5 

18()9.(;() 

201.8 

198.2 

1.08 

1.16 

+ 

3.6 

-0.08 

19 

Demhow'ski,  8  ;   Duner,  1 1 

1870.54 

192.0 

190.9 

1.15 

1.20 

+ 

1.1 

—  0.05 

17 

Deiiibow.ski,  11  ;   Duiu'r,  (i 

1871.52 

181.9 

183.5 

1.21 

1.23 

— 

1.6 

-0.02 

32 

Deiiib(iwski,14;    0^.,\;   Kl)ott,5;   Diini'r,  1 2 

1872.55 

173.3 

176.0 

1.22 

1.24 

— 

2.7 

-0.02 

27 

Deuibowski,  12  ;  Diiuer,  1  2  ;   02'.,  3 

1873.()0 

166.1 

168.3 

1.22 

1.24 

— 

2.2 

-0.02 

17 

Deuibowski,  1 1 ;   02.,  2  ;  Duner,  4 

1874.G0 

160.0 

161.1 

1.37 

1.24 

— 

l!l 

+  0.13 

14-15 

Deuibowski,  10;   02'.,  4;  Duiuh-,0-1 

1875.5(5 

148.5 

154.5 

1.30 

1.25 

— 

6.0 

+  0.05 

29-27 

Dembowski.S;   Soliiaparelli,  7  ;  W.  &S.,2-0;  DuiK-r,  12 

1870.56 

141.0 

148.6 

1 .30 

1.25 

— 

7.6 

+  0.05 

10 

Hall,  2;  Dembowski,  7  ;  rhiiiiiuer,  1 

1877.57 

136  3 

140.1 

1.40 

1.26 

— 

3.8 

+  0.14 

11 

Deiiibow.ski,  8  ;  Tritcliett,  1  ;  Hall,  2 

1878.51 

126.9 

133.6 

1.40 

1.28 



6.7 

+  0.12 

10-13 

p'.,  1  ;  Scliia|iai-plli,-l  ;  Doberck,  2-1  ;   Deuibowski,  7 

1879.54 

122.5 

12(5. 6 

1.17 

1..30 

— 

4.1 

+  0.17 

8-16 

p'.,  3  ;  Hall,  4 ;  Seliia-parelli,  0-8  ;  rritcliett,  1 

1880.49 

115.8 

120.4 

1 .34 

1.32 



4.8 

+  0.02 

10-15 

Doberck,  2-1  ;   Big.,  3-0;  fJ.,  5  ;  Scliiaparelli,  0-9 

1881.49 

110.6 

113.9 

1.45 

1.35 



3.;? 

+  0.10 

17 

Doberck,  2  ;  p'.,5;  Hous?li,  4  ;  Hall,  5  ;   P.ig.,  1 

1882.60 

105.(; 

107.2 

1.46 

1.38 



1.6 

+  0.08 

17-19 

Doberck,2-0;  Hall,5;  Sch.,0-11;  Jecl.,4-3;  Eii.,6-0 

1883.60 

101.5 

101.3 

1.54 

1.41 

+ 

0  2 

+  0.13 

14-29 

Per.,  4;  Hall,  5;  Scliiaparelli,  0-15;  Eiigelmaiiii,  5 

1884.58 

94.1 

96.6 

1.51 

1.44 

. 

2.5 

+0.07 

28-17 

Big.,2-0  ;  Hl.,4  ;  Per.,3 ;  Prit.,1 ;  Sch.,9 ;  Sea.,6-0  ;  En.,3-() 

1885.58 

89.8 

90.5 

1.57 

1.47 



0.7 

+  0.10 

29-22 

Per.,  6;  Tar.,  4-0;  Hall,  7  ?  Sell.,  5;  Jed.,  4;  Sea.,  3-0 

1886.63 

87.0 

85.0 

1.54 

1.50 

+ 

2.0 

+  0.04 

35-32 

Hall,  6;  Per.,1;  Sea.,  3-0;  Sch.,9;  Jed.,  9-7;  En.,  7 

1887.60 

81.5 

80.2 

1.57 

1.52 

+ 

1.3 

+  0.05 

24 

Hall.  6  ;  Schiaparelli,  18 

1888.58 

76.1 

76.6 

1.54 

1.53 



0.5 

+  0.01 

21-14 

Hall,  6;  Conistock,3-0;   Schiaparelli,  9-8  ;  Maw, 3-0 

1889.56 

72.7 

70.6 

1.55 

1.54 

+ 

2.1 

+  0.01 

18-17 

Schiaparelli,  3;  Glas.,  2-1  ;  Hall,  6  ;  Com.,  4  ;  Maw,3 

1890.60 

66.8 

65.6 

1.53 

1.53 

+ 

0.2 

±0.00 

16-15 

Glas.,2;  Hall,  6;  Maw,  3;  Schiaparelli,  5-4 

1891.57 

62.2 

60.9 

1.43 

1.50 

+ 

1.3 

-0.07 

23-20 

Hall,  6;  See,  7-4;  Schiaparelli,  2  ;  Big.,  5;   Maw,  3 

1892.60 

55.3 

55.5 

1.44 

1.46 



0.2 

-0.02 

13 

Comstock,  5  ;  Schiaparelli,  8 

1893.74 

47.6 

48.2 

1.34 

1.37 



0.6 

-0.03 

8-7 

Schiaparelli,  3-2  ;  Big.,  5 

1894.58 

42.1 

44.1 

1.20 

1.31 



2.0 

-0.11 

7-19 

Bar.,  3;  Glas.,  2-0  ;  Lewis,  2;  Big., 0-14 

1895.32 

36.7 

38.8 

1.17 

1.21 

— 

2.1 

-0.04 

3 

See 

In  order  that  astronomers  may  be  able  to  compare  the 
present  theory  with  observations  during  the  rapid  motion 
of  the  companion  in  passing  periastron,  we  give  an  epheme- 
ris  for  the  next  ten  years  : 


Oc 


Pc 


1896.50 

28.5 

1.02 

1897.50 

15.5 

0.82 

1898.50 

351.9 

0.56 

1899.50 

289.7 

0.47 

1900.50 

258.4 

0.58 

1901.50 

233.0 

0.80 

1902.50 

218.4 

0.97 

1903.50 

207.8 

1.09 

1904.50 

198.9 

1.16 

1905.50 

191.0 

1.20 

The  companion  is  worthy  of  regular  attention  in  the  ])art 
of  the  orbit  now  being  described,  but  observation  will  be- 
Tlie  Uii!rers!fi/of  Chirago,  1895  Aiuj.  22. 


come  more  urgent  as  the  star  approaches  periastron  in 
1899.  If  good  observations  can  be  secured  they  will 
enable  us  to  give  the  highest  precision  to  the  theory  of  the 
motion  of  this  star;  but  if  the  measures  in  so  delicate  a 
case  are  affected  by  sensible  .systematic  errors,  they  will 
prove  to  be  of  little  value.  The  phenomena  of  the  ap- 
proaching appulse  of  ^  Herctdis  \\\[\  therefore  be  difficult 
to  observe,  and  results  of  importance  can  only  be  obtained 
by  skillful  treatment.  It  is  hardly  necessary  to  add  that 
this  jihenomenon  will  not  again  be  witnessed  for  more  than 
a  third  of  a  century. 

It  seems  worthy  of  remark  that  Stkuvk,  who  devoted  so 
much  attention  to  the  colors  of  double  stars,  noted  the 
color  of  the  companion  as  reddish,  while  it  is  now  dis- 
tiiu-tly  bluish,  and  although  a  change  of  color  does  not 
seem  probable,  this  has  been  suspected  as  well  as  varia- 
bilitv. 


RESEARCHES   ON   THE   ORBIT   OF  p  DEL PHINI  ^  13  151, 


Bv  T.  .1 
This  rapidly  revolving  binary  was  discovered  by  Pi'ofes- 
sor  BuKXH.VM  with  his  celebrated  six-ineh  Clark  Refractor, 
in  August,  1873.     The  companion  was  then  near  its  maxi- 
mum elongation,  and  was  easily  measured  by  Dembowski 


.J.  .SEE. 

in  1874.  The  measures  of  the  next  few  years  showed  that 
the  pair  had  a  rapid  direct  motion.  In  1879-80  the  dis- 
tance of  the  components  became  so  small  (about  0".20)  that 
the  object  could  be  elongated  only  by  the  most  powerful 
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telescopes.     The  measures  at  this  time  are  therefore  few  in 
number,  and  necessarily  of  doubtful  aci'iiraoy. 

Since  the  epoch  of  Dembowski's  measures  in  1S74,  the 
radius-vector  of  the  companion  has  swept  over  335  degrees 


of  position-angle,  and  the  intervening  observations  enable 
us  to  determine  the  orbit  with  a  comparatively  high  <le- 
gree  of  precision.  Tlie  following  table  gives  the  orbits 
hitherto  published  for  this  star : 


p 

T  . 

e 

a 

Q, 

i 

■/. 

Authority 

Source 

26.07 

1882.19 

0.357 

0.55 

163.6 

54?9 

354.6 

Dubiago,  1884 

A.N.  2602 

30.91 

1882.25 

0.337 

0.517 

2.67 

59.33 

327.8 

Gore,  1885 

Proe.  U.l..\.,  IV;  no.  5  | 

16.95 

1885.80 

0.096 

0.460 

10.9 

61.6 

220.9 

Celoria.  1888 

A.X..  2824 

22.97 

1882.37 

0.260 

0.501 

174.2 

64.1 

343.9 

Glaseiiapi),  1893  ^ 

A.N..  3177 

24.16 

1882.38 

0.284 

0.51 

174.4 

64.64 

344.2 

Glasenapp,  1893 

A.N.,  3177 

From  an  investigation  of  all  the  observations  we  find  the 
following  elements  for  ^De/phini: 


p 

= 

27.66  years 

T 

= 

1883.05 

e 

= 

0.373 

a 

=: 

0".6724 

Si 

= 

3°.9 

i 

= 

61°.35 

I 

= 

164°.93 

II 

^ 

+  13°.015 

Apparent  orbit : 

Length  of  major  axis  =   1".060 

Length  of  minor  axis  =   0".477 

Angle  of  major  axis  =   2°.5 

Angle  of  periastroii  =   176°. 6 

Distance  of  star  from  center   =   0".194 

The  aceoiiii)anviiig  table  of  coni])utcd  and  observed  jdaces 
shows  that  these  elements  are  extremely  satisfactory.  The 
only  large  residual  is  that  of  1880.  which  is  probably  due 
to  an  error  of  observation  incident  to  the  excessive  close- 
ness of  tlie  components. 


Comparison  of 

COMPITKO    WITH 

Observed  Places. 

t 

Oo 

Oc 

P' 

P. 

d'-e^ 

Po— Pc 

n 

Observers 

1874.66 

o 

15.5 

15.2 

0^65 

0.62 

+  0.3 

+  0.03 

5 

Dembowski 

1875.65 

20.1 

20  0 

0.54 

0.55 

+  0.1 

-0.01 

4 

Dembowski 

1876.65 

25.8 

26.2 

0.48 

0.48 

-  0.4 

±0.00 

4 

Dembowski 

1877.75 

35.3 

36.2 

0.41 

0.38 

-  0.9 

+0.03 

7 

Dembowski,  5;   Hurnham,  2 

1878.70 

56.4 

50.1 

0.24 

0.29 

+   6.3 

-0.05 

5-4 

(3.,  4;  Dembowski,  1-0 

1879.56 

90  ± 

71.3 

EUmK. 

0.23 

- 

_ 

2 

Burnham 

1880.68 

133.6 

114.7 

0.26 

0.20 

+  18.9 

+  0.06 

3 

Burnham 

1881.54 

149.2 

145.6 

0.26 

0.24 

+  3.6 

+  0.02 

5 

Burnham 

1882.60 

167.5 

169.1 

0.26 

0.31 

-  1.6 

-0.05 

3 

Burnham 

1883.40 

183.2 

181.7 

0.21 

0.33 

+   1.5 

-0.12 

10 

Engelmann,  7;  p'..  3 

1884.72 

197.6 

201.2 

0.31 

0.33 

-   3.6 

-0.02 

12 

Hall,  3;  Engelmann,  4:  ^.,  5 

1885.95 

219.8 

220.7 

0.39 

0.28 

-  0.9 

+  0.11 

9 

Engehuann,  8 ;  H.  8truve,  1 

1886.86 

248.0 

247.4 

0.30 

0.24 

+  0.6 

+  0.06 

8-11 

Schiaparelli,  7  ;  Engelmann,  0— t ;  H.  Struve,  1 

-0 

1887.70 

275.2 

271.8 

0.31 

0.24 

+   3.4 

+  0.07 

18-19 

Tar.,  5 ;  Hough,  1  ;  Schiaparelli,  8 ;  H.  Struve, 

5 

1888.65 

302.4 

296.3 

0.30 

0.27 

+  6.1 

+  0.03 

8-5 

Burnham,  5  ;  H.  Struve,  3-0 

1889.68 

317.3 

313.8 

0.34 

0.34 

+  3.5 

±0.00 

16 

^.,  5;  Schiaparelli.  11  ;   H.  Struve,  6-0 

1890.69 

325.3 

325.2 

0.44 

0.41 

+  0.1 

+  0.03 

16 

§..  4;  Scliiaparelli.  12 

1891.68 

332.4 

333.5 

0.42 

0.48 

-   1.1 

—  0.06 

21 

^.,  4  ;   Hall,  3  ;   Schiajiarelli,  9  ;   H.  Struve,  ."> 

1892.66 

339.7 

339.9 

0.51 

0.54 

-  0.2 

-0.03 

9 

Schiaparelli.  5;  Burnliam.  4 

1893.71 

341.7 

344.8 

0.58 

0.61 

-  3.1 

-0.03 

24-23 

Lv..2;  H.C.W..  2;  Ho., 3;  Com.. 3;  Sch,.  l.".:  P.ig. 

10 

1894.81 

347.9 

349.3 

0.48 

0.65 

-   1.4 

-0.17 

14-13 

H.C.W.,  1-0;  Schiaparelli,  13 

1895.51 

352.0 

351.9 

0.65 

0.68 

+   0.1 

-0.03 

3 

See 

The  present  orbit  is  somewhat  more  eccentric  than  those 
heretofore  published,  and  in  this  respect  it  conforms  better 
to  the  general  rule  among  binaries.  That  the  orbit  has  an 
eccentricity  of  about  this  magnitude  is  evident  from  the 
rapid  motion  of  the  radius-vector  in  the  periastral  region, 
and  its  slow  motion  at  the  present  time.     The  slow  angular 


motion  of  tlie  ra<lius-vector  during  recent  years  indicates, 
of  course,  that  the  distance  of  the  companion  is  much  in- 
creased; and  tliis  leads  us  to  remind  observers  that  the 
present  distance  is  sensibly  larger  than  some  have  indicated 
by  their  measures.  At  jjresent  the  distance  is  probably 
over  0".65.  and  for  some  vears  will  slightly  augment. 
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It  does  not  seem  at  all  probable  that  the  true  elements 
of  this  remarkable  binary  can  differ  materially  f  rinii  those 
here  obtained.  Noverthele.ss,  additional  exact  measures 
will  be  valuable  in  ti.\iii<;  the  orbit  with  great  accuracy,  and 
as  the  star  wifl  be  relatively  easy  for  several  years,  ob- 
servers should  give  it  regular  attontion.  Tlie  following  is 
a  short  ephemeri.s  : 

Tlw  Uii'irrrslti/  iif  CliiciKjii,   1  ,S9i")  Aiiij.  14. 


t 
1896.51 

ft 
355!3 

Pc 

0.71 

1897.51 

358.6 

0.72 

1  SOS. 51 

1.7 

0.72 

1899.51 

4.9 

0.72 

1900.51 

8.2 

0.69 

OBSERVATIONS   OF   TWO 

Hv  II.   M 

Below  are  my  observations  of  two  of  the  newer  southern 
variables,  beginning  soon  after  the  appearance  of  Chand- 
LKu's  Revised  Supplement  (.4. J.  347)  and  continuing  till 
their  disappearance  in  the  evening  twilight.  In  moonlight 
and  twilight  they  may  have  been  estinuited  a  little  too 
bright  on  account  of  their  color. 


SOTTTITERN  VARIABLES, 

P.\UL. 


5511. 


Gr.  M.T. 

M 

1895  Julv  10.(5 

S.42  (1) 

17.6 

8.50 

19.6 

8.39 

28.6 

8.27  (2) 

Aug.  11.6 

8.58 

SSLUn-ae. 

Gr.  M.T.  M 

1895  Aug.  18.6  8.77  (3) 

25.6  8.92  (4) 

Sept.    1.5  9.15  (1) 

11.5  9.43 


(1)  Bright  moonlight.  (2)  Very  hazy;  moon  (+6''. 9)  near.  (3)  Hazy, 
faint  twiliglit.     (4)  Moon  (+5''."))  near. 

The  observations  around  maximum  are  too  few  to  make 
its  time  very  certain.  A  curve  drawn  through  them  gives 
2413403(1895  July  28)  as  about  the  most  probable  time. 
Chandler's  elements  (J../.  347)  give  2413413,  10  days 
later. 

60()2.     Rli  Scorpii. 
The  following  observations  are  based  on  the  C.DM.  mag- 
nitudes. 


Gr.  M.T. 

M 

Gr.  M.T. 

M 

1895  June  28.7 

9.04 

1895  Aug.  11.6 

10.03 

July      7.7 

9.09  (1) 

Ki.fi 

9.99 

17.6 

9.92  (2) 

18.6 

10.03 

19.6 

9.82 

23.6 

10.08 

Gr.  M.T. 

1895  Aug.  25.6 

Sei)t.    I.C) 

9.6 

11.5 

(1)  Uright  niooiiliglit 
than  tlie  varialile  vi.sibl 


9.96 
9.9(;  (1) 
9.95 

9.87 


Gr.  M.T. 

1895  Sept.  15.5 

18.5 

20.5 

21.5 


9.76 
9.59 
9.54 
9.52 


(2)  Tliick   liazc,   low  down,  no  star  fainter 


The  magnitudes  of  the  first  two  dates  are  a  little  uncer- 
tain on  account  of  a  suspected,  but  still  unsettled,  variation 
in  one  of  the  stars  of  the  light-scale ;  and  that  of  July  17 
is  doubtful  for  the  reason  stated  in  the  footnote.  The  slight 
observed  irregularities  around  minimum  are  probably  mostly 
errors  of  observation. 

A  smooth  curve  drawn  through  all  the  observations  (dis- 
regarding that  of  July  17)  takes  a  rather  flat  shape  at 
minimum.  The  mean  of  tiie  times  when  it  passes  through 
magnitudes  9.6  and  9.8  on  each  side  indicates  241  3423 
(1895  Aug.  17)  as  the  most  jjrobable  time  of  miniiiuini.  with 
about  10"'. 04  as  the  lower  limit. 

There  appears  to  be  either  considerable  variation  or  con- 
siderable uncertainty  in  the  range  of  brightness.  Chand- 
lkk's  elements  {A.J.  347)  give  for  maximum  7". 3  -7". 7  and 
for  minimum  11  ".6.  In  .1../.  349  Roherts  gives  his  ob- 
served extreme  limits  as  6".8-9".3.  Mj'  above  minimum 
of  10". 04  falls  between  these  two. 

As  Roberts  does  not  give  his  observed  times  of  maxi- 
mum and  minimum,  there  seem  to  be  no  recent  data  for 
correcting  the  period.  Assuming  Chandler's  elements  as 
correct,  the  above  observed  minimum  at  2413423  gives 
M—ni  =  125'',  the  period  being  282''. 


Wa.<!hii,r,ton,  D.C.,  1895  Oetoher  8. 


OBSERVED  MAXIMA   AND   MINIMA   OF   VARIABLE   STARS, 

By  PAUL   S.  YENDELL. 


103.      T  An.dromedae. 

A  series  of  forty-six  ob.servations  of  this  star,  from  1895 
July  23  to  October  10,  indicates  a  juaximum  on  August 
31.5,  the  magnitude  at  this  phase  being  8". 3.  AVhen  first 
observed,  it  was  estimated  at  10". 2,  and  at  the  last  obser- 
vation was  8". 9,  the  decrease  having  been  remarkably  slow. 

The  date  of  observed  maximum  is  possibly  affected  by 


moonlight  to  the  extent  of  several  days,  as  on  the  date  on 
which  the  moon  became  bright  enough  to  seriously  affect 
the  comparisons,  August  27,  a  marked  and  sudden  rise  of 
two  steps  occurs,  and  a  corresponding  sudden  decrease  of 
about  the  same  amount  is  foniul  between  Septendier  8  and 
10,  when  the  moon's  ])resence  ceases  to  be  indicated  in  the 
notes. 


174 


THE     ASTRONOMICAL     JOURNAL. 


N"-357 


Minima 

wt 

!*«-.'■  Liicul  M.T. 

Nov.  l,'8.(;i 

4 

Dec.  2GA:i 

4 

Jan.  24.11 

4 

Keb.  15.;!  I 

I 

Mar.  IS. '.11 

1 

A]>r.   11.7  1 

- 

L'1'79.      2'  Monocerotls. 
This  star  was  observed  forty-four  times,  from  lSi)4  No- 
vember 19  to  189")  .Viu-il  1().     Tlie  foUowint;  maxima  ami 
minima  are  indicated: 

M.VXIM.V.  wt. 

leiM-i  Loial  .11. 1'. 

Nov.  i;ior)       2 

Jan.     ».:U         2 

;5i.!tr)      2 

Feb.  2S.2!)         o 
]\Iar.  27.(10         2 


2.';7.'>.      S  Moiiorerofi.1. 

A  series  of  observations  of  S  Monocerotis  was  undertaken 
during  the  winter  of  1894-95,  witli  the  object  of  satisfying 
myself  as  to  the  star's  variability,  Avhicli  has  always  ap- 
peared to  me  questionable.  Tliirty-one  observations  were 
obtained,  from  1894  November  19  to  1895  March  3. 

The  comparison-stars  employwl,  with  the  magnitudes  as- 
signed, are  as  follows : 

M 

P.13  JMotincerotis  4.8 

e  Gcmlnorum.         5.0 

F.17  Monocerotis         5.1 

The  result  of  the  observations  seems  to  demonstrate  the 
star's  constancy  during  their  eontiiiuance.  Tlie  mean  devi- 
ation of  the  star's  observed  briglitnes.s  from  a  mean  of 
4". 89  was  only  0".04,  a  quantity  well  within  the  probable 
error  of  a  single  observation  ;  the  extreme  magnitudes  ob- 
served were  4". 71  and  5". 04,  eac.li  upon  a  single  occasion 
only. 

2676.      U  Monocerotis. 

Seventeen  observations,  from  1894  December  2G  to  1895 
March  23,  indicate  a  well-determined  maximum  of  6". 05 
on  1895  January  22,  a  less  certainly  defined  one  of  6". 6  on 
1895  March  3,  and  a  sharply  defined  minimum  of  6". 9  on 
1895  February  13.  At  the  last  ob.servation  the  star  had 
decreased  to  7".l. 

Dori:hestei;  3Iass.,  1895  Ortoher  14. 


I."ill.      T  Vrsiii'  Miijaris. 
Fourteen  observations,  from   1895  March  3  to  June  25, 
indicate  a  maximum  of  S>'.0  on  1895  May  1.     At  the  last 
observation,  the  star  had  (lr()])ped  to  9". 4. 

(■)0(l.">.       S  Driin.iiis. 
Six  ()bscr\ati(ins  id'  tliis  star,  Irdiii  .\ugust   IS  to  (tiMolicr 
10,  indicate  a  well-defined  maximum   on  1895  September 
24,  the  star's  l)riglituess  at  maximum  having  been  7". 5.  and 
at  tlie  first  and  last  observations  8". 7. 

7085.  /,"/■  r,/,/,//. 
From  1895  Maj'  1  to  Si'ptcnilirr  24.  1  (il>scrvi'd  this  star 
twenty-two  times;  at  the  first  thite  it  was  just  within  the 
limit  of  visibility,  and  estimated  to  be  about  12".n.  .\ 
maximum  of  7". 3  is  indicated  on  1895  July  9,  and  at.  the 
last  observation,  it  was  estinuitiMl  as  1  1  ".(». 

71  I S.      A'  .li/ii i/(ii;. 
This  star  was  first  observed  1895  Jiuie  10,  at  9".4  ;  it 
rose  rapidly  to  a  maximum    of   8". 8,   which    was    passed 
July  11.      At  the  last  observation,  Augusts,   it,  had  ayain 
fallen  to  9''.'5.     The  observations  iiumln'r  thiitccn  in  all. 

7450.      V  Ai/iKirii. 

Ten  observations,  from  1895  May  1  to  October  10,  indicate 
a  maximum  of  8". 3  on  August  20.  The  star  was  estimated 
on  the  first  date  to  be  9". 9,  and  in  s])ite  of  the  small  num- 
ber of  the  observations,  the  tiiiie  of  maximum  is  indicated 
quite  definitely.  The  star's  brightness  when  last  observed 
was  8".9. 

7560.     Ji  Viilperiilae. 

I  have  twelve  observations  of  this  star,  from  1895  .\u- 
gust  18  to  October  10. 

These  indicate  with  great  definiteness  tliat  the  maximum 
took  place  on  September  17,  tlie  greatest  observed  liglit 
being  7". 9.  When  first  observed  the  star  was  9". 6,  and  at 
the  last  observation  had  fallen  to  '.)".!. 


OliSKIIVATIONS   OF   COMET  a  1895  (swift), 

.MAI>K  AT  THK  U.S.  NAVAL  015SEKVAT0KY,   WASniX'GTO.N,  n.C. 

Bv   I'lioi'-.   E.    KKISBY   and   Assistant  Astroxomek  GEOBGE   A.    Ill  I, 
[Communicated  by  Prof.  Wm.  Harkness,  U.S.N.,  Astronomical  Director.] 


I.. 


1895  Washington  M.T. 

* 

No. 
Comp. 

-* 

(^'s  apparent 

!        s 

logpA 

for  a            for  li 

Obs. 

li       in       a 

in       H 

f        " 

h         111       8 

o          ;           't 

Au^'.  27     13  18  12 

1 

24  ,6 

-1     3.00 

-7  28.9 

0  43  45.91 

+  6     2     9.8 

«9.082 

0.681 

H 

Sept.  11      U  37  32 

2 

16,4 

+  1  43.45 

-3  16.8 

1     8  58.66 

+  5  59  24.4 

y(9.3S8 

0.689 

H 

M      12     7  46 

3 

16  ,5 

-1   30.84 

+  1  13.1 

1   12  32.12 

+  5  50  41.7 

;(9.243 

0.685 

H 

21      12     8  17 

4 

22  ,5 

-0  42.62 

-1  45.2 

1  18  48.76 

-f-5  22  43.1 

M9.119 

0.688 

H 

23     11  49  39 

5 

20,5 

-t-0  32.08 

+  2  33.8 

1  20     9.46 

+  5  13  34.3 

«9.195 

0.692 

H 

Sept.  27     12  34  10 

6 

20,4 

+  0  11.82 

-2  55.6 

1  22  20.89 

+  4  53  48.9 

7t8.629 

0.692 

F 
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31ean  Places  for  1895 

.0  of  Comparison- Stars. 

Ued.  to                        cv 

lied,  to                                      « 

* 

a 

app.  place 

d 

app.  place                                       Authority 

1 

l\        m       8 

0  44  45.59 

+  3!32 

o        /        n 

+  6     9  15.8 

+  22.9 

I)M.5°11],  4  obs.,  trruisit  circle 

o 

1     7  11.66 

+  3.55 

+  6     2  16.2 

+  25.1 

1)M.5°156,  4  ob.s.,       •' 

3 

1  13  59.36 

+  3.60 

+  5  49     3.1 

+  25.6 

l)M.5°167,  4  obs.,       «          " 

4 

1   19  27.70 

+  3.68 

+  5  24     3.8 

+  26.2 

Anoiiyiiious  (9". 2),  3  obs.,  transit  circle 

5 

1   19  33.6() 

+  3.72 

+  5  10  34.2 

+  26.3 

DM.  4''247,  3  obs.,  tniiisit  circle 

(J 

1  22     5.28 

+  3.79 

+  4  56  17.8 

+  26.7 

15oss,  A.itr.  GeaelU.  Catal.,  Albany  402 

The  above  observations  have  been  made  with  the  26-ineh  refractor, 
using  a  power  of  200  in  the  micrometer. 

The  comet  apiicareil  round,  about  o'  in  diameter,  and  upon  one  or 
two  nights  1  could  see  a  faint  stellar  point  in  tlie  center  of  the  object, 
of  about  1:1". 

During  the  time  in  which  I  was  observing  the  comet,  I  could  not 
see  that  it  had  dinuni-shed  in  brightness;  in  fact,  on   the  night  of 

1895  Ortohn-  14. 


September  14,  It  was  very  much  brighter  than  when  I  first  observed 
il,.  'I'his  may,  however,  liave  been  due  to  the  very  clear  sky  ujion 
that  night. 

All  the  stars,  exce])t  the  one  used  by  Prof.  FmsBY,  have  been  ob- 
served by  Messrs.  I.itiki.i.  and  KiNd  with  the  transit  circle,  and 
each  star-jilace  depends  upon  three  or  four  observations. 


OBSERVATIONS   OF   MmOR   PLANETS, 

MADE    .\T   TUE    CINCINNATI    OBSEKVATORY, 

By  PHILLIPS  ISHAM. 


No. 
Comp. 

Planet—  % 

Planet's 

apparent 

logpA 

1895 

Cincinnati  M.T. 

* 

J«             Jd 

a 

S 

for  a 

forS 

(372;. 

h       in 

s 

m       s 

» 

Ik       m        8 

0             !             II 

Jan. 

31 

9  49 

42 

1 

8 

+0 

31.54 

+  1  13.2 

8     1  10.44 

+  39  16  48.7 

»9.342 

9.414 

Mar. 

21 

10  28 

46 

0 

9 

-0 

34.01 

+  0  38.7  , 

7  43  14.00 

+  29     0  29.9 

9.534 

0.368 

22 

7  51 

56 

0 

8 

+  1 

7.05 

-0  32.8 

7  43  37.99 

+  28  49  39.1 

8.334 

0.192 

Nephfhi/s  (287). 

Mar. 

'> 

10  38 

25 

J      1 

8 

-0 

50.56  1  -5  28.0 
Unitas  (306). 

10  25  47.09 

+  14  34  57.7 

n9.119 

0.570 

Apr. 

19 

11  19 

37 

5 

9 

+0 

23.43 

+  1   12.6 

13  27  46.95 

+   2  37  17.6 

«8.506 

0.719 

20 

10  42 

29 

6 

8 

-0 

33.56 

+  5  35.9 

13  26  54.01 

+   2  43  29.5 

?(8.9S4 

0.719 

22 

8  41 

43 

7 

9 

-0 

47.39 

-2  38.0 

13  25  11.85 

+   2  55  25.0 

?f9.470 

0.723 

23 

11   14 

13 

7 

9 

-1 

46.37 

+  3  57.0 

13  24  12.86 

+   32     0.0 

w,7.627 

0.715 

24 

9  13 

18 

8 

10 

—  0 

1.02 

-2  59.7 

13  23  25.14 

+   37  13.3 

m9.356 

0.718 

Dcwho,r!<kn  (349) 

May 

17 

12  16 

58 

9 

8 

+  0 

28.09 

-1  52.9 

15  28  34.88 

-23  54  59.1 

8.831 

0.894 

18 

11  22 

43 

9 

11 

—  0 

25.02 

-0  50.1 

15  27  41.77 

-23  53  56.4 

»S.607 

0.895 

21 

11     5 

17 

10 

11 

—  0 

25.24 

+  1  29.0 

15  24  57.19 

-23  50  20.1 

//8.670 

0.895 

22 

10  51 

46 

11 

11 

-0 

4.22 

+  3  50.5 

15  24     3.20 

-23  49     2.3 

«8.817 

0.894 

Henrietta  (225). 

May 

22 

11  21 

5Q 

12 

9 

+  0 

1.17  i    +3  23.6 

15  33  16.23 

-   0  12  11.4 

«8  260 

0.747 

June 

13 

9  47 

10 

13 

10 

+  0 

22.78 

-1  30.8 

15  20     7.38 

+   1  51     7.8 

«7.930 

0.727 

17 

9  24 

20 

14 

7 

-1 

21.67 

-5     2.6 

15  18  30.26 

+   22  15.3 

«8.290 

0.725 

18 

11  24 

31 

14 

8 

-1 

44.81 

-2  36.3 

15  18     7.12 

+   24  41.7 

9.344 

0.727 

(354). 

Aug. 

13 

10  35 

32 

15 

8 

-1 

21.84 

+  1  12.3 

21  46  21.60 

-14  39  33.9 

«9.308 

0.842 

14 

10  34 

22 

15 

8 

-2 

7.29 

-7  45.0 

21  45  36.15 

-14  48  31.2 

«9.293 

0.843 

20 

11  26 

"9 

16 

8 

+  0 

47.19 

-5  19.6 

21  40  54.89 

-15  41  58.9 

7(8.564 

0.857 

22 

12     7 

17 

17 

8 

-0 

1.81 

+  4  57.1 

21  39  21.38 

-16  59  41.9 

8.836 

0.858 

23 

11  17 

41 

17 

8 

-0 

45.82 

—  3  22.1 

21  38  37.37 

-16     8     1.1 

H8.924 

0.859 

Alkinene  (82). 

Aug. 

22 

11  4;; 

46 

18 

8 

+  2 

27.73 

-0  51.6 

21  58  21.29 

-i6'    7  36.0 

«8.299 

0.860 

23 

10  5(; 

45 

18 

9 

+  1 

39.10 

-4  42.4 

21  57  32.66 

-16  11   26.6 

M9.030 

0.858 
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Mean  Places  for 

1895.0  of  Comparison- Stars. 

Kt'tl.  l<> 

Ki-U.  to 

* 

a 

.tpp.  plucc 

8 

app.  place 

.\iitliority 

1 

h       111      s 

8     0  36.41 

+2*49 

+39  15 

3i'.3 

+  4.2 

Lund  A.G.  Zones,  2  obs. 

o 

7  43  46.23 

+  1.78 

+  28  ,59 

43.8 

+   7.4 

Tiu-i.s  9565 

3 

7  42  20.19 

+  1.75 

+  28  50 

4.4 

+   7.5 

I'iui.s  9544 

4 

10  26  35.48 

+  2.17 

+  14  40 

34.1 

-   8.4 

9-vr.996;  (Jlas.  2,  89(1 ;    I'MiisTJOKi 

5 

J3  27  21.19 

+  2.33 

+   2  36 

21.7 

-16.7 

Boss  .\.(;.  4745 

6 

13  27  25.24 

+2.33 

+  2  38 

10.3 

-16.7 

Boss  .V.(i.  4746 

7 

13  25  56.91 

\  +2.33 

i  +2.32 

+  2  58 

19.4 

-16.4 

Hoss  A.G.  47o,S 

8 

13  23  23.83 

+  2.33 

+   3  10 

29  2 

-16.2 

K<1. conip. with  I'.oss  .V.( ;.  17(18  and  Ciiiciii 

1177 

9 

15  28     4.01 

+  2.78 

-23  52 

49.0 

(  -17.2 
1  -17.3 

Cincinnati,  1  obs. 

10 

15  25  19.64 

+  2.79 

-23  51 

31.7 

-17.4 

Gould  (J.0. 21028 

11 

15  24     4.62 

+  2.80 

-23  52 

35.3 

-17.5 

Could  (J.C  20997 

12 

15  33  12.41 

+  2.65 

-   0  15 

19.0 

-16.0 

Eq.  coiup.with  (ioulil  !!.(  .lM  HI"  and  Itad.l^'.KI 

4(lL'7 

13 

!.■.   I'.t  41.87 

+  2.73 

+   1  52 

52.5 

-13.9 

Hoss  \M.  5203 

14 

15  lit  49.22 

+  2.71 

+   2     7 

;!1.2 

(  -13.3 
i  -13.2 

Hoss  .\.(;.  5205 

15 

21  47  39.61 

+  3.83 

-14  41 

0.4 

+  14.2 

\V.  .Vi-.  17082,  Sant.  204:!.  Yarn.  dH4:].  I'alisa 

44t! 

16 

21  40     3.75 

+  3.95 

-15  36 

53.1 

+  13.S 

W.Aif,'.  17010 

17 

21  39  19.20 

+  3.99 

-16     4 

52.6 

+ 13.6 

Cincinnati,  2  obs. 

18 

21  55  49.60 

+  3.06 

-16     6 

59.3 

j  +14.9 
\+15.1 

Radcliffe  3,  5925 

Js^OTATION   OF  ASTEKOID8. 

Numbers  have  been  assigned  to  recently  discovered  asteroids  as  follows  : 


7/1'        lS95June2n         Chari.ois,       Nice,         (404) 


JUr        1895  March  21  Chaklois,         Nice,         (402) 

JiX  May     13  "  "  (40;{) 

The  omitted  number  330  has  now  been  assigned  to  1892  X,  Wolf,  1892  March  18. 

Mr.  l>Ei!i!F.i;irH  has  found  that  his  suspicion,  that  BX  was  identical  with  (156)  X'aiif/ilj.jic  is  not  eontiriiiod. 

NEW   ASTRONOMICAL   WORKS. 


Catalog  der  Aslronomischen  Ge»ellschaJ't,  Zone  -|-20'  bix  +2ij",  beo- 

bachlet  aiff  der  Sternwarte  Berlin,     von  E.   Bkckeu.     Leipzig, 

189.i. 

This  eatalogue  of  0208  stars  is  jiisl  issui'il,  and  will  be  cordially 
welcomed  by  astronomers.  The  observations,  made  in  the  years 
1870  to  188:5,  comprise  all  the  stars  of  tlie  adopted  programme; 
seven  of  thorn,  whiih  had  been  omillcd  owini;  to  reasons  explained 
by  Prof.  Beckkk,  having  been  subsequently  observed  by  liim  at 
Strassbiirg,  and  added  at  the  end  of  tlie  catalogue.  There  are  more- 
over 45,  not  given  in  the  Durchmusterunn ,  as  well  as  137  companions 
of  stars  found  to  be  double,  although  not  recognized  as  such  at  the 
time  of  the  Bonn  observation.  One  star,  DM.  22-^3272,  was  not 
seen  on  the  date  when  the  zone  was  observed,  nor  yet  when  looked 
for  l)y  Dr.  Konoi.i),  180.")  .March  <>;  but  was  found  by  him  .March  22 
as  11",  giving  rise  to  a  strong  suspicion  of  variability. 

The  mean  eri-or  of  a  single  ob.servation  ranges  from  J;0~.022  and 
±0".3S  to  ±0".O33  and  ±0".43,  according  to  the  brightness  of  the  star. 

Elaborate  investigation  of  the  influence  of  the  star's  magnitude 
upon  the  observed  time  of  transit  has  led  Prof.  Bkokki:  to  inferences 
analogous  to  those  deduced  by  Prof.  Boss  from  his  Albany  zone. 
Observations  made  for  the  purpose,  on  13  nights,  indicate  that  the 
transits  were  noted  earlier  for  brighter  than  for  fainter  stars,  by  an 


amount  not  far  from  0".007  for  cacli  unit  of  magnitude.  For  ]ioint- 
ings  in  declination,  analogous  ini|uiries  give  less  definite  results;  but 
Prof.  liKcKF.i!  has  found  distinct  indications  of  a  lorrcsponding, 
although  unimiiortant,  variation  proportionate  to  the  brightness  of 
the  star. 

Extensive  comparisons  between  the  positions  in  this  and  in  other 
standard  catalogues  are  given.  Among  catalogues  of  nearly  the 
same  epoch,  tho.se  of  Pulkowa  (Itomberg)  and  Greenwich  (ten-year) 
exhibit  good  agreement  with  flic  Berlin  zone.  Like  the  Antr. 
Genellsch.  Catalogues,  the  Second  .Munich  Catalogue  is  ililTerentially 
based  u])on  the  FiinJamentdl-Calalo;/:  but  comparison  with  the 
Berlin  Zone  l)ringsfo  view  anomalies,  liotli  in  right-ascension  and  decli- 
nation, which  are  clearly  not  attributable  to  casual  errors  of  obser- 
vation. Systematic  discordances  of  similar  character  and  niagnitudc 
for  right-ascension  were  encountered  by  Dr.  B.\rs(  iiiN(ii;n  iu  his  com- 
parison of  the  Munich  Catalogue  with  the  .Vlbany  Zone.  (Miincli. 
Neue  Annal.  II,  j).  xxxiii). 

Values  of  proper  motion  are  dediued  for  more  than  (iOII  stars  of  the 
zone:  and  there  is  a  list  of  stars  whiih  show  large  discordances  from 
other  catalogues. 

Comparisons  of  the  estimates  of  magnitude  with  those  of  AiiOKi-- 
ANDER  manifest  a  most  satisfactory  accordance. 


CONTEXTS. 

RKSE.VRfHKS   OX    TIIK    OlUSIT   OF   CnKKCt'f.IS    =    -2084,    liV    Dh.  T.    J.    .1.    SEE. 

Researches  ox  the  Okbit  of  (J  DKi.fntxi  =  /Slol,  isy  Dk.  T.  J.  J.  See. 

OnSEKVATIOXS    OF   TwO    SOI'TUEKN    V  A  Ul  AISLES,    BY    Pl!OK.  H.    M.    PAUL. 

OnSEKVEI)    M.WIMA    AXI)    MiXIMA    OF    V  Alil  Altl.I-.    .STAItS,     UY    M  R.  P.Vri^    S.    Y  EX  1)E  I.I.. 

OnsERV.\Tioxs  OF  CoMF.ra  180.')  (Swip-t),   in    Prof.  E.   Frishy  axu  Mr.  GEoitiiF,  A.   Hii.i.. 

OnsERVATioxs  OF  JIixoR  Plaxets,  itv  Mr.  Piiii.i.ii's  Isham. 

NoT.\Tiox  OF  Asteroids. 

New  Astroxo.mic.\l  Works.  

i'uhlishkd  ik  roston,  sshi-uonthlv.  uv  k.  a.  uould.     additkss.  cahbkidoe.  .mass.    i'ltlck.  $5.00  tuk  voi.umr.    i'llkss  or  thos.  1'.  nichols. 

Rnt«re<l  al  the  l*ost  Office,  at  KoEton,  Muss.,  as  second-elate  niatt«r.    Cloud  October  *iG. 
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MAXniA    AND  MTNBIA   OF   LONG-PERTOD   VARIABLES, 


I!v  .J.  .\ 
!(•;!.  7'  Aiii/niiii.i'dae. 
My  observations,  1(1  in  nunilier.  began  1895  July  24,  and 
closed  October  23.  The  star  rose  gradually  from  10*'  to  a 
maximum  of  8".0,  1895  Sept.  9.  After  that  time  the  de- 
cline was  much  slower  than  the  rise.  The  magnitude  at 
maximum  is  based  u]m)u  the  folbiwing  data: 

DM.  I>. 

(>  D.M.  +1'(;°4(» 

42 
37 

At  the  last  observation  the  masrnitiide  was  8.8. 


(1 


t  .0 

8.1 

8.8 


7. (55 

s.l 
8.75 


rAl!KIJUH«T. 

It  should   be   noticed   that   Vendki.i/s   maximum,    1895 
.January  11,  published  in  J.J.  XV,  35,  was  erroneous. 

1574.      WT,n,,i 
A  minimum  of  12". 2,  1895  March  7,  is  indicated  by  2(1 
observations,  from   1894  November  20  to  1895  April    ix. 
At  the  last  observation  the  star  had  risen  to  10". 8. 

1981.      A'  Caiaeliijiunlalis. 
'SXy  observations,  22  in  number,  between  1894  November 
15and  1S95  June  13,  yield  a  maximum,  8". 1 .  1895  March  8. 


294.      W  Cu.tsioj/cac. 
Tlie  jicisitiou  of  this  new  variable  was  measured  with  the 
tilar  micrometer  attached   to  the   ().2-incli   reflector.     The 
refereiu'C  ]ioints  were 

/'  AKfr.Gfis.Catiil.  717 


717 

D.M.  +57°l(i3 

718 

[57°l(i2] 

755 

58°134 

825 

57° 177 

The  resulting  position  was 
K.A.  =  0"  47'"  30'.5.         Decl.  ==  57"  53'  8"     (1875). 

j\ly  observations  began  1894  December  5,  and  closed 
1895  October  23.  The  star  rose  slowly  from  11  ".6  to  a 
maximum  of  8". 6,  1895  July  11.  It  then  fell  still  more 
slowly  througli  .July,  August  and  September,  then  more 
raiiidly  in  October;  at  the  last  observation  it  was  10>'.0. 
The  observations  of  Espix,  given  in  .4.A.,  Vol.  13ti.  p.  397 
(1894  September  2,  8.6;  October  29,  9.8),  suggest  a  mini- 
mum of  about  11  ".5  in  December,  1894.  This  stai-  is 
No.  (i7  in  KuuGEu's  CofMhxj  der  furLhjeu.  Sfi'viw,  in  which 
the  color  is  given  as  '-very  red." 

678.      U  Pei-sei. 
I   have  35  observations  between  1894  Nov.  15  and  1895 
October  19;  yielding  a  maximum  of  7". 6,  1895  March  18, 
and  a  minimum  of  11".(),  1895  Jvdy  2.5.      From  4  maxima 
and  3  minima  the  period  results. 
From  max.,  315davs;  from  miu.,  313  davs;    M-ni.  182  davs. 


2258.  VAurigae. 
I  have  23  observations  of  this  star,  from  1894  No- 
vember 20  to  1895  .June  13.  These  indicate  a  minimum 
of  11  ".5,  1895  March  17.  The  change  was  slow,  and  as  the 
star  is  (juite  red,  and  the  observations  not  very  accordant, 
the  date  of  maximum  may  be  a  month  late.  The  interval 
between  my  two  observed  minima  is  335  davs. 


5157.     S  Bootis. 
A  minimum  of  12". 7,  1895  July  2,  is  indicated  by 
observations  between  1895  Aju-il  29  and  August  5. 


10 


5190.     li  Camelopu.rdalls. 

I  have  19  observations  of  tliis  star  between  1894  Novem- 
ber 20  and  1895  May  20,  yielding  a  minimum  of  12". 5, 
1895  March  Ki. 

5338.      U  Bootis. 

A  minimum  of  12". 0  for  May  14  is  indicated,  not  very 
detinitely,  by  8  observations  between  1895  April  28  and 
Jum?  21. 

6446.      TDmroiils. 

The  position  of  this  new  variable  and  its  comparison- 
stars  was  measured  with  the  filar  micrometer,  the  reference 
points  being  the  stars  b,  c,  e,  f  and  t,  in  the  accompanying 
list.  The  variable  has  a  companion  "(/",  11  ".2,  at  position- 
angle  226°,  distance  16",  and  another,  "w,"  12".3,  at  288°, 
ami  1 '  12".     The  position  of  T  for  1875  is 


K.A.  =  17"  54"'  28'.7. 


Decl. 


+  58°  13°  54". 


(177) 
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Position  1875 

Astr.Ges.      P.  R.A.  Dccl.        Astr.Gcs.        DM. 

>l  M  ll         III       8  o         I         ' 

,■       S.C  8.(5  17  48  31.0  58  21  30   9491   58°1767 

,/   8.9  8.7  49  20.G  57  41  19   9496   57°1814 

t       9.4  -  50  37.3  58  11  24   9508   58°1770 

I        -  11.1  52  34.9  58  9  4    -  " 

/,       8.7  8.6  53  15.6  58  45  46       9536       58°1772 

,.        _  -  53  39.4  58    8  44          - 

/,-       -  11.3  53  43.5  58    9  41 

/,       -  -  53  51.9  57  55  49          - 

n        -  10.6  54    7.6  57  58  29 

m       -  12.3  54  20.0  57  14  16 

„  11.2  54  27.2  57  13  42 


r 

_ 

_ 

54  28.7 

58  13  54 

f 

9.4 

10.1 

55  17.4 

58    6  57 

e 

9.3 

9.5 

56  19.2 

58  28  o^ 

h 

_ 

9.8 

56  46 

58  28 

a 

7.(> 

7.6 

17  57  23.7 

58  46    0 

9556 
9563 


58°1773 
58''1774 


9576       58°1776 

I  have  34  observations  of  the  variable  between  1894 
Dec.  25  and  1895  October  22.  It  fell  slowly  from  8".0  to 
a  iiiiiiinunu  of  11".7, 1895  August  3,  then  rose  quite  rapidly, 
reachini;  10". 5  September  15.  It  was  10". 0  at  the  last 
*)bservutioii.  The  variable  was  fainter  than  the  companion 
"</■■  iioiii  .liily  15  to  August  27. 

7085.     RT  Cijfjnl. 
A  maximum  of  6".6  is  indicated  by  15  observations  be- 
tween 1895  I^lay  9  and  August  22,  for  July  9.     The  follow- 
ing are  the  data  for  the  comparison-stars. 


Position 

187.5 

Astr.Ges 

.       P. 

K.A. 

Decl. 

Astr.Ges. 

DM. 

u 

M 

h       ni       s 

O            (            ff 

a 

9.2 

7.9 

19  37  45.1 

48  37    2 

13290 

48°2935 

h 

7.8 

7.8 

37  12.2 

13  14 

13280 

2934 

h 

_ 

10.3 

38  36.0 

21    6 

- 

- 

k 

_ 

11. 

39    2.9 

21  40 

- 

- 

f 



9.2 

39    6.7 

14    6 

— 

— 

e 

8.6 

8.2 

.39  15.2 

8  17 

13318 

2939 

0 

_ 

10.5 

39  34.5 

25  50 

_ 

— 

(J 

_ 

10. 

39  27.1 

17    1 

- 

- 

d 

8.5 

8.7 

39  56.0 

1 7  36 

13331 

2941 

1 

_ 

9.8 

40    2.0 

.•!1  56 

— 

- 

V 

_ 

_ 

40    5.0 

28  42 

13335 

2942 

c 

8.3 

8.4 

40    7.6 

37  54 

13337 

2943 

X 

_ 

12.0 

40    6.(t 

29  1 7 

- 

- 

t 

_ 

12.4 

39  55.6 

28  59 

- 

- 

<l 

_ 

11.3 

40  12.3 

28  41 

_ 

- 

n 

_ 

10.6 

40  19.2 

30    8 

— 

- 

11 

_ 

_ 

41  30.6 

31  40 

- 

- 

ir 

_ 

_ 

19  41  48.4 

48  31    3 

- 

- 

The  places  of  the  Astr.  Gesellschaft  stars  were  taken  from 
the  catalogue,  the  rest  were  measured  with  the  micrometer. 

7118.     X  Aquilae. 
I  have  7  observations  between  1895  May  2()  and  August 
5.     Tliey  yield  a  maximum  of  9".0,  July  2.     The  rise  was  a 
little  more  rapid  than  the  decline. 

7458.      V  Delphini 
After  a  close  watch  for  this  star  since  June  1894,  1  saw 


it  for  the  first  time  1895  February  21 . 
the  following  observations : 


.Vl'tcr  that  I  sccuri'd 


95  Feb. 

21 

11.1 

189: 

July 

24 

11 

1 

Jlay 

2(; 

10.2 

30 

12 

2 

.luiif 

15 

1 0.8 

Aug. 

12 

12 

1 

2(; 

11.4 

25 

12 

('> 

.luly 

lit 

1 1  .(■. 
ll.C. 

26 

12 

6 

These  observations  are  too  much  scattered  to  fix  the  date 
of  maximum,  but  they  suggest  a  period  of  about  540  days. 

8.324.  V  Ciissio/ii'iu'. 
'Sly  watch  on  tiiis  star,  which  began  1894  Jan.  IS.  has 
been  continuous  up  to  the  present  time,  with  the  exception 
of  a  break  in  September  and  Oi^tober,  1894.  In  that  time 
I  observed  two  maxima  and  two  minima.  The  results  are 
as  follows : 


MI^•l^r.v 
Epoch       Calendar  .luliaii 

1     1894  Mar.  21  2909 

o 


Maxima 

Cah'iKlai' 

1894  July  15 

1 895  Mar.    2 


.liiliau 
3025 
3255 


3     1895  July    5         3380 

The  period  deduced  from  the  ubdvc  observations  is  from 
maxima  230  days,  from  minima  235.5  days.  Mean  232.75 
days.  To  correct  tliis  jieriod  we  have  three  DM.  observa- 
tions in  1857,  and  measures  from  the  Harvard  photographic 
plates  on  18  dates,  from  1890  August  4  to  1895  September 
5,  inclusive.  The  D^F.  observations  are  as  follows  [see 
A.X.  3205,  p.  211  ]  :  1857  August  26,  <9>'.5 ;  August  30. 9>'.5 ; 
Sept.  16,  9". 5.  It  is  evident  that  the  star  was  on  the  as- 
cending branch  of  the  light-curve.  I  find  tliat  it  reaches 
9". 5  about  60  days  after  minimum.  Subtr;vcting  60  days 
from  the  mean  of  the  last  two  dates  gives  1857  July  10  as 
the  date  of  minimum  (2399505).  Combined  with  my 
observations  this  becomes  minimum  epoch  —56  or  —57, 
with  a  corresponding  period  of  235.3  or  231.2  days. 

I  have  compared  the  Harvard  observations  with  an 
ephemeris  deduced  from  each  of  these  periods,  and  find 
that  231.2  is  the  more  probable  value  ;  the  differences  (O  — C) 
of  magnitude  for  the  three  observations  in  1890,  '91  and  '92 
being  —1.08,  —0.21  and  —0.35  magnitudes,  as  compared 
with  —2.60,  -1.48  and  +0.25  magnitudes,  using  the  period 
235.3  days. 

In  making  the  above  comparisons  1  have  drawn  a  mean 
light-curve  from  91  observations,  the  average  difference  be- 
tween  the  single  curve  and   the  mean  curve  being  0.134 

magnitudes. 

Mea.n  Cri:vi:. 


Days 

From  mill. 

Krom  max 

-48 

1L18 

9^52 

-32 

11. 9S 

8.68 

-16 

12.50 

7.91 

0 

12.66 

7.46 

+  16 

1 2.39 

7.92 

+32 

11.47 

S..56 

+48 

10.45 

9.42 
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T  have  one  ob.scrvatioii,  1894  Nov.  15,  which  differs  by 

Position  1875 

1".2  from  tlip  mean  curve,  but  this  was  marked  "doubtful" 

Astr.Ges.    P. 

R.A. 

Decl. 

o      /       n 

Astr.Ges. 

DM. 

at  the  time.     Reliance  upon  this  observation  caused  me  to 

/' 

6.4 

6.8 

23  1  53.9 

59    3    5 

13750 

58°2546 

publish  in  ./.,/.  XV,  100,  a  minimum  for  1894  Nov.  24,  which 
proves  to  be  16  days  late.     The  more  probable  date,  Nov.  8, 
is  well  supported  by  4  Harvard  measures.     I  deduce  from 

r 
b 

9.0 
6.1 

9.1 

9.6 
9.3 

4    0.1 
4  23.7 

4  24.3 

5  37.4 

59    7  46 
58  39  IS 

58  58  26 

59  17  22 

13785 
13794 

13815 

(59°2652) 

58°2552 

59°26(;3 

all  the  above  the  following : 

s 

_ 

10.4 

5  47.7 

59    4  24 

_ 

_ 

Elements  of  maximum, 

h 

- 

11.2 

6  11.6 

59    2    3 

_ 

— 

1893  Nov.  25  (241  2793)  +231''.2E;   M-i>i  =  112''. 

III 
d 

- 

10.7 
10.3 

G  15.4 
6  15.4 

58  58  23 
58  55  24 

- 

- 

In  connection  with  the  Harvard  measures,  it  should  be 
said  that  a  constant  correction  of  — 0".62  has  been  apjdied 
to  restore  the  photographic  to  the  visual  scal(3. 

V 

e 
II 
r 

8.5 

8.5 

9.9 

8.3 
8.6 

()  IS. 6 

7  6.1 

8  1.9 
S  34.1 

59     1  14 
58    4  40 

58  16    8 

59  8  23 

13851 
13858 

58°2560 

58'25()3 
59°2673 

The  data  for  the  comparison-stars  are  given  in  the  follow- 

0 

7.6 

7.5 

23  2    7.1 

58  18  48 

13756 

58°2547 

ing  table,   in  which  the  stars  not  in  the  Jstr.  Ges.  Catal. 

The  place  of  the  variable 

depends  on  the  Asti 

on.  Gesell. 

were  measured  with  the  micrometer. 

Ciif.  positions  of  h,  r,  u  and  t. 

Mareni/o,  III..  1S95  Ort.  31. 


OBSERVATION'S   OF   COMETS, 

MADK    .VT   THK    t.s.    NAV.Vr.    OBSEKVATOKY    WITH    TUE   2(i-IXCII    EQl- ATOIII.VI,, 

By  Pkof.  E.  FRISBY. 
[Communicated  by  Prof.  Wm.  Harkness,  U.S.N.,  Astronomical  Director.] 


Washington  Jl.T. 

* 

No. 
Comp. 

Ja                z/8 

^'s  apparent 
a                        8 

log 
for  a 

fori) 

Comet  a  1895  (Swift.) 

Oct.  18   lo"  49"  42.0 

1 

20,7 

Ill       s                          1         " 

-0  31.51       +1  58.7 

ll          111        s 

1  26  47.34 

0      /      » 
+  3  35  17.9 

8.985 

0.805 

21     8  52  48.1 

1 

18,6 

-0  14.68 

-3  16.3 

1  27     4.20 

+3  29     2.9 

9.501 

0.717 

25  11  22  39.5 

1 

23,  8 

+  0  13.70 

-7  21.7 

1  27  32.62 

+  3  25  57.5 

8.271 

0.819 

26  13  11  33.7 

2 

11,4 

+2  37.76 

-0  24.2 

1  27  41.06 

+  3  25  47.3 

9.378 

0.745 

Faye's  Comet. 

Oct.  18     9  32     2.1 

3 

13,5 

-0  22.43  1    -5     2.4    |  21  11  44.76 

-4  27  41.8 

«9.388 

0.776 

Mean  Places  for  1895.0  of  Co 

mparison- Stars. 

* 

a 

lied,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
2 

.     h        m       s 

1  27  14.87 

1  24  59.25 
21  12     3.93 

\  +3^98 

"(  +4.05 

+  4.05 

+  3.26 

0       '        n 

+  3  32  51.9 

+  3  25  44.2 
-4  22  52.5 

+  27.3 

+  27.3 
+  13.1 

Boss,  Albany  A.G.  Catal.  424 

Boss,  Albany  A.G.  Catal  409 
Rliniker  21",  31  Nachtrag 

TRANSIT   OF   MERCURY,   1894  NOVEMBER  9-10, 

oliserven  at  the  students'  observ.vtopy  of  the  xniversity  of  califohnia, 

By  a.  O.  I.EUSCHNER. 
The  observations  were  made  with  the  6-inch  equatorial, 
and  an  eyepiece  magnifying  about  50  diameters.  The  times 
were  recorded  on  the  chronograph  by  means  of  sidereal 
chronometer  Negus  1755.  The  contacts  are  given  below  in 
Facitic  Standard  Time,  as  deduced  by  !Mr.  F.  E.  Ross,  stu- 
dent assistant. 

)l  Ml  S 

geometrical  contact. 


Contact  TI     Nov.    9     19  58  40.2 


49.3     first  light  seen 


Contact  III     Nov.  10 
Contact  TV     Nov.  10 

ll       in        s 

1  11     9.9 

1  11  33.6 
1   13  14.7 

first  appearance  of  tan- 

geney,  black  drop, 
geometrical  contact 
last  seen. 

A  tree  interfered  at  fi 

rst  contact. 

Definition  poor.     Sun's 

limb  boiling, 
out  of  focus. 


Meirnr^l  dancing    and    blurred,    as  though 
Berkeley,  Cnl.,  1895  Ortoher. 
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PERTURBATIONS   IN    Till-:   MOTION    OF   THE    DOUBLE   STAR 

F.7()  Ophiuchi  =  ^.2-ri± 

[LettiM-  of  Dr.  'P.  J.  .1.  Ske  to  the  Editor.] 


Since  August  20,  when  I  first  announced  tn  yen  the  ex- 
istence of  peculiav anomalies  in  the  motion  of  the  eonipanion 
of  F.70  Oj)/iiiirhi,  I  have  succeeded  in  sliowiny;  conclusively 
that  the  .system  is  peitui-bed  by  an  unseen  body.  We  are 
confronted  with  the  remarkable  fact  that  within  three  years 
after  the  completion  of  SiHu  k's  orbit  ( ./.  -V.  3220,  21 ) ,  which 
was  based  on  a  beautiful  least-sipiare  adjustment  of  nearly 
400  observations  of  position-angle,  the  ei)hemeris  is- "out" 
l>y  nearly  /j'cf  decrees. '  Thus  for  the  epoch  l.Si)5.()('>  the 
ephemeris  gives  ^,  =  300°.6,  p.  =  2".42;  while  the  mean 
of  13  nights'  observation,  by  Houoii,  Comstock  and  the 
writer,  gives  6„  =  295°.9,  p„=2".ll.  As  the  error  of 
observation  in  this  result  can  by  no  possibility  exceed  half 
a  degree,  it  is  clear  that  some  disturbing  cause  has  been  at 
work  to  produce  so  large  a  deviation  in  so  short  a  time.  On 
carrying  back  the  work  over  the  whole  list  of  observations 
since  the  time  of  Wii.li.\m  Stkuvk,  I  find  that  the  dark 
body  has  a  period  of  apjiroximately  forty  years  ;  and  if  we 
suppose  it  to  revolve  anmuil  the  I'dinpaiiimi,  it,  ap|MMis  that 

The  Umcersity  of  Cliifd'jn,  1S95  October  31. 


the  distance  of  the  lattrr  I'lom  the  common  center  of  gravity 
of  the  new  system  is  about  <)".3.  and  tli:it  the  motion  is 
retrograde,  like  that  of  the  visible  jiair.  It  is  well  known 
that  computers  have  encountered  many  difficulties  with  this 
star,  the  periods  found  ranging  from  S7  to  95  years,  accord- 
ing to  the  observations  emidoyed.  The  angular  motion 
appeared  to  be  retarded  near  the  aphelion  of  the  ajjparent 
ellipse,  and  accelerated  near  perihelion.  To  avoid  these 
apparent  anomalies  in  the  angular  motion,  Professor  Schuk 
neglected  the  distances,  and  ran  the  orbit  in  or  out  so  as  to 
conform  to  the  ])rinci)ile  of  the  conservation  of  areas.  It 
will  ajjpear  I  rum  the  paper  which  I  8Xi)ect  to  forward  to 
the  JourtKil  in  a  short  time  that  the  areas  ore  violnfcd, 
owing  to  the  action  of  the  disturbing  body,  and  hence  the 
apparent  anomalies  in  angle  and  distance  become  genuine 
realities  which  are  well  represented  by  the  present  hyjiothe- 
sis.  The  sudden  deviation  of  the  companion  from  Schvr's 
ephemeris  proves  the  existence  of  the  dark  body  here  as- 
sunieil. 


FILAR-MICR0:METER   OBSF^RVATIOXS   of   (t)MET  a  189r>  {SWIFT), 

MAKE    WITH    THE    20-7XCII    liEKK.VlTOU   OF   THE   I.EANDER    MCCORMICK   OBSERV.^TORY    OF   TlIK    INIVEIiSITV    <1F    VlIKllXIA. 

By  ORMOND   stone   and  GORDON  M.  BUCK. 


1895  Charlottesville  M.T. 

* 

No. 
Comp. 

Ja 

-* 

1       ./S 

&^'s  apparent 

1          8 

logpA 

for  a           for  S 

Obs. 

h        m       « 

m       8 

ft 

h       in        8 

o         /          n 

Oct.    9 

8  39  51 

9 

24,6 

+  0  12.56 

+  2     5.8 

1  25  47.09 

+4     2  40.4 

M9.566 

0.706 

S 

10 

8  37  17 

9 

24,4 

+  0  21. .35 

-1  40.3 

1  25  55.90 

+3  58  54.4 

W9.566 

0.707 

s 

9  15  25 

9 

11  ,2 

+0  21. .33 

-1  .33.2 

1   25  55.88 

+  3  59     1.5 

7J9.499 

0.701 

V. 

13 

12     6     8 

10 

32  ,  4 

-0  50.28 

+  5  15.7 

1  26  18.43 

+  3  48  19.5 

8.321 

•0.692 

s 

13     2  46 

10 

24,4 

-0  50.54 

+  5     8.9 

1  26  18.17 

+  3  48  12.7 

9.122 

0.694 

B 

16 

16     1  44 

1(1 

12,2 

-0  32.48 

-3  45.6 

1   26  .'56.24 

+  3  39  18.1 

9.621 

0.715 

s 

17 

11  16  38 

10 

4 

-5  36.7 

+  3  37  27.0 

0.694 

s 

11  33     9 

10 

4 

-0  27.01 

1  2(;  41.72 

«8.200 

s 

11   .39     1 

11 

15 

-2     0.04 

1  26  41.67 

»7..->9.'; 

s 

18 

8  39  18 

12 

28,4 

-0  31.82 

+2  12.1 

1  20  47.0.3 

+  ;;  :\:>  31.;! 

«9.510 

0.7(15 

s 

Mean  Places  foi'  1S95.0  of  Conijxirison- Stars. 

* 

a 

Red.  to 
app.  place 

jv                       Red.  to 
"                   app.  place 

Authority 

9 

10 

11 
12 

li        m       s 

1  25  30.62 

1   27     4.75 

1   28  37.73 
1  27  14..S7 

(  +.3!91 
(  +3.93 
(  +3.96 
\  +.3.98 
+  .3.98 
+  3.98 

O          1         K                                  « 

,  ,     .,     „  .-       (  +27.1 

+  3  42  36.4       1  ^11  f^ 

+  3  .'{5  23.9          +27.3 
+3  .32  51.9     ;      +27.3 

Boss,  A.G.,  Albany  Catal.416 

Boss,  A.G.,  Albany  Catal.423 

Boss,  A.G.,  Albany  Catal.  437 
Boss,  A.G.,  Albany  Catal.  424 
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FILAR-lSirCRO^rETEU   OBSERVATIONS   OF  FAYE\S   COMET, 

S1AI>K    Willi     IIIK    20-TN(  H    i:<;lATOIiIAl.    OF    THK    I.KANDKK    MiCOKMK  K    OllSKItV  ATOK  Y    (IK    Til  K    I' M  VICKSIT  Y    (ll-     VIKCilMA, 

]!y  OKMOND   STOXK. 


1895  Chai-lottesville  M.T. 

* 

No. 
Comp. 

Ja 

-* 

j8 

^'s  apparent 

1           8 

leg 

Uiva 

P.\ 

(01-  ll 

<  )ct.     8 

ll           III          s 

7  3G  32 

1 

20  ,  3 

-0"'48!98 

+  2  546 

h        111       8 

21     8  14.22 

o         '          // 

-3  24  44.0 

M8.669 

0.763 

i) 

7  38  27 

1 

20  ,  2 

-0  36.16 

-4     0.2 

21     8  27.03 

-3  31  38.8 

n.8.400 

0.764 

10 

7  33  29 

<> 

24,4 

+0  23.42 

+  0  14.7 

21     8  42. 

-3  38.3 

7JS.464 

0.765 

13 

8     3  3G 

3 

28  ,  4 

-2  50.96 

-2  58.6 

21     9  35.27 

-3  57  51.7 

8.686 

0.768 

k; 

8  45  46 

4 

4,7* 

-0  11.05 

-0  26.0 

21   10  47.82 

-4  16     6.5 

9.181 

0.768 

17 

8  25  59 

"> 

22  ,  6 

—0  53.00 

+  0  45.1 

21   11   14.21 

-4  21  54.3 

9.088 

0.769 

IS 

7  32  33 

;*) 

18  ,  4 

-0  24.78 

-4  40.7 

21    11  42.41 

-4  27  20.1 

8.473  j  0.772 

21 

8  18  53 

6 

1 

-2  4'^.4 

_4  43  44.5 

.   .   .      0.769 

9     1  26 

7 

4  ,  6* 

+  0     1.02 

-0     4.5 

21   13  23.87 

-4  43  52.5 

9.326    0.769 

Mean  Places  for  1S95.0  of  Comparison- Stars. 


Keil.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

.Uitlioi-ity 

C            '             II 

n 

1 

21     8  59.84 

f  +3.36 
"(  +3.35 

-3  27  52.0 

+  13.4 

i(First  +  Sefon(l)  Miinioli  Catalogue 

') 

21     8  15. 

+  3.35 

-3  38.8 

+  13  4 

S.DM.-3°5153 

3 

21  12  22.89 

+  3.34 

-3  55     6.6 

+  13.5 

Koenigsberg,  Zone  19 

4 

21  10  55.5 

+  3.32 

-4  15  53.7 

+  13.2 

Sclijellenip  8587 

5 

21  12     3.93 

\  +3.28 
"(  +3.26 

-4  22  52.5 

+  13.1 

Rnmker,A7(.'A/'/7,.r/21",31;  S.DM.  -4°5408 

6 

21  11  40.46 

+  3.23 

-4  40  44.1 

+  13.0 

Koenigsberg,  Zone  19 

7 

21  13  19.62 

+  3.23 

-4  43  35.0 

+  13.0 

15p',  Microm.  Comparison  with  ^  6 

*  Position-angles  and  distances. 
The  Comet  was  at  all  times  extremely  faint  and  small. 


ON   A   NEW   VARIABLE   OF   PECULIAR   CHARACTER,   8598  U  PEGASI, 


(1855)     23'"  50">  35". 


+15°  8'.9  :         (llfOO)     23 
By  S.  C.  CHANDLEK. 


.53',     +15°  23'.!t, 


The  above  star  is  variable  from  8". 9  to  9". 7  in  the  singu- 
larly short  period  of  5''  31"'. 15.  It  is  distinctly  not  of  the 
Ah[iil-tj\\e,  being  in  continuoiis  variation  during  it.s  \\-hole 
period.  Its  light-curve  is  also  distinctly  different  from  the 
form  exhibited  by  the  other  class  of  short-period  stars 
(exemiilitied  by  i]  Aqiiilac  and  8  Cep/iei),  being  .symmetrical, 
with  equal  times  of  increase  and  decrease.  The  variation 
is  very  rapid,  and  maxima  and  minima  are  equally  and 
sharply  marked ;  so  that  both  can  be  observed  w-ith  the 
same  precision  with  which  we  are  familiar  in  the  .l/y/Z-typte 
stars.  The  shortness  of  the  period  jtermits  the  observation 
of  three  or  four  principal  phases  during  a  single  night. 

The  elements  are 

Greenwich  M.T. 

il       ll         m 

Minimum,  1894  Sept.  22  14  56.0  1  +51,  si-  QhiK 
Maximum,  22  17  41.6  ) 

This  period  is  probably  only  a  moderate  fraction  of  a 
second  in  error. 

It  may  not  be  amiss  to  add  that  I  discovered  the  varia- 
bility of  this  star  more  than  a  year  ago,  but  erroneously 

Cnmhridfje,  1895  October  26. 


inferred  tliat  it  was  of  the  Algol-iy^te,  with  a  period  of 
2.06  or  2.07  days;  a  mistake  due  to  the  near  commensura- 
bility  of  nine  of  the  tnu'  ]ieriods  with  two  solar  days.  ]S'ot 
being  able  to  observe  during  last  winter,  I  passed  the  star 
over  to  Mr.  Yexdell's  care.  He  confirmed  the  variability, 
but  concluded  that  the  period  was  0''.69,  or  one-third  what 
I  had  assigned  ;  but  it  was  still  supposed  to  be  of  the  AUjnl- 
type.  It  was  only  recently  that,  following  uj)  some  anoma- 
lies of  my  observations,  I  succeeded  finally  iu  establishing 
that  the  period  must  be  again  subdivided  by  three,  and  that, 
instead  of  being  a  variable  of  the  J^^/o^type,  the  star  has 
the  unique  character  above  described. 

The  comparison-stars  and  light-scale  are  added  for  the 
convenience  of  those  who  may  be  inclined  to  observe  the 
star. 

1S.55 

ll        111        s  at 

II         23  51  28  +15     2.2 

//                50  21  14  39.6 

52  25  14  58.5 

-/         24  49  41  +15  13.6 


L. 

19.0 

5J 

8.85 

16.5 

9.10 

14.5 

9.30 

10.0 

9.75 

182 


THE     ASTRONOMICAL     J  O  U  R  X  .\  L  . 


NO-  358 


J(M  ^Jll     ^11 


-1(1^  46'.0 


NEW   YAKIAIJI.K    IN    CAPRICORNUS,    (.s.DM.— Ki  MSll). 

■>V'  2"'.."),      —10°  46'.0     (1855). 

Hy  .V.MvdN  N.  .SKIN'NKH,  Assist.wt  Asti:iinomi;I!. 

[Commiinicateil  by  Prof.  \V>..  IIaiiknkss,  Astronomical  Director,  Xaval  Observatoii'.] 

Ill   the   course  of  the  observation    of  the   Astrouomlxvhe  "Zone  77,  lS7fi  .Tnii  14.  klare  Liift,  Mondsclicin. 

GeseUschnft  Zone,  -13°  50'  to  -18°  10',  I  have  fouiul 
that  the  star  S.DM.  — 16°5811  is  variable,  having  a  range 
at  least  from  9*"  to  11  ".5.  1  have  the  following  notes  from 
observations  with  the  9-incli  Transit  Circle.  1894  Sept.  24, 
not  visible  with  faint  field  illumination ;  must  have  been 
as  faint  as  11";  Oct. 31,  estimated  magnitude  9".0;  1895 
Sept.  21  invisible  with  faint  tichl-ilhimination  ;  Sept.  23, 
very  faint  about  12"  witli  im  inuiiiination  ;  Oct.  4,  still  very 
faint. 

Dr.  Ki'STXEK,  director  of  the  Bonn  Observatory,  has  very 
kindly  furnished  the  following  eoufinnatory  evidence  from 
the  original  Duir/iiini. •iff runt/  records. 


Ueber  ilii'scllu"  .Stelle  ist  als  /.wcite  Zone  gegangen:  Zone  ;!'.I7,  1S7'.' 
Aug.  K),  lueist  selir  klar. 

In  ilieser  Zone  felilt  dcr  StiTii.  Es  ist  dies  bereits  Scuokniki.u 
aufget'allen  :  er  bat  aber  den  Ort  als  gesicliert  betracbtct  und  in  die 
B.D.  trot/,  nur  eininaligcr  Boob,  aufgenonunen,  da  er  den  Stern  audi 
genau  am  obigon  Ort  in  Wasli.  Zone  207,  1848  Oct.  11,  als  0>'  beob- 
aclitet  fand." 

This  is  tlie  fourth  variable  which  has  been  found  in  tlie 
course  of  the  observations  of  our  zone. 


W,is/,hif/fn)i.  D.C..  1895  Orfohi'r?,^. 


OBSEKVATIONS   OF   COMET  c  1895  (mi/f?), 

M.\I>K    AT    (i00I>.>EI.I.   OliSKKVATDKV,    WITH   THE    Kl-INCII    Em.ATOlilAl,    AND    FILAK    MlClKlM  K  I'Kl;, 


Bv  11 

.  V.  WILSON. 

No 

#- 

-* 

S^'s  apparent 

logpA 

1895  Noi 

thfleld  M.T. 

* 

Corap. 

Ja 

Jh 

a 

8 

for  a 

for<i 

Oct.  11 

ll        ni       s 

10     6  24 
10     6  24 
10  13  31 

1 
2 
•> 

9  ,  9 
9, 
,3 

m       8 

+  0  .30.20 
-0  25.49 

-5  39"7 
-1  28.5 

ll       m       8 

1  26     4.76 

+  3  54  5.5.1 

«9.317 

0.762 

16 

10  49  51 

3 

12  ,  6. 

-0  32.32 

-3  13.3 

1  26  36.40 

+  3  39  51.1 

;i9.O01       0.760   1 

17 

9  34  20 

3 

12  ,6 

-0  26.63 

-5  32.8 

1  26  42.10 

+  3  .37  31.6 

«9.346 

0.764 

21 

9  45  49 

4 

15  ,  6 

-0  13.87 

-3  21.5 

1  27     5.10 

+  3  29  .57.2 

7i9.251 

0.764 

2.". 

10     (t  47 

-t 

18  ,  6 

-0     1.22 

i     -5  42.5 

1  27  17.77 

+3  27  .36.2 

«9.145 

0.763 

Mean  Places  for  1895.0  of  Comparison- Stars. 


* 

a 

Keel,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1* 

2 
3 
4 

h        111       8 

1  25  30.62 
1  26  26 
1  27     4.75 
1  27  14.96 

+3^94 

-1-3.97 
+  4.02 

0            1           l> 

+  4     0     7.5 
+3  56 
+  3  42  37.1 
+  3  32  51.4 

+  27.3 

+  27.3 
+27.3 

Boss  Albany  A.G.  Catalogue 416 

DM.  +3°2i] 

Schj.  466,  Boss  Albany  A.G.Catal.  423 

Weisse-Bessel  1, 429,  Boss  Alb. A.G.Catal.424 

•Riimker  705  gives  30".05,  14«.0. 


CONFIRMATIOXS   OF   VARIABILITY, 

Hv   II.   M.   PAUL. 


-Caprkorni*  =  S.DM.  -16°5811. 

This  new  variable,  recently  discovered  and  announced  by 
Mr.  Skinxek,  I  liave  observed  on  six  nights.  A  rough  re- 
duction of  the  light-scale,  resting  mostly  on  three  nights' 
observations,  gives  the  following  magnitudes  of  the  varia- 

*  7.590  Z  Capricorni,  p.  184. 


ble,  on  the  S.DINI.  scale  extended  downwards  from   about 
8«.5. 

Gr.  M.T. 

1895  Sept.  27. 7         lo'.'9 

Oct.    4.6         10.4(1) 
8.6         10.1  (2) 
1       (1)  Verybazy;brightmoon(— 13''.-2).    (2)  <"lear:  moonlight  (—O'l.l). 


Gr.  M.T. 

M 

1895  Oct.  1  I.e. 

9.9 

IS.ti 

9.8 

23.6 

9.6 

N»-  358 


THE    ASTRONOMICAL     JOURNAL. 


183 


1803.  T  Lvporh. 
This  is  one  of  tlie  H.C.O.  variiiblos  included  by  Chand- 
LEK  in  his  Revised  Supplement  {A.J.  317),  but,  so  far  as  I 
know,  not  yet  confirmed  optically.  1  have  observed  it  on 
eight  nights.  The  identification  with  S.DM.  —  22°995  (S>'.7) 
i.s  correct.  My  observations  are  as  follows,  the  magnitudes 
resting  on  the  S.DM.  scale. 


Gr.  M.T. 


Ur.  M.T 

ison  Oct. 


KI.O 

21,'.,S 
25.S 
29.9 


8.5 
8.3 
8.2 
8.1 


1895  Se]it.    3.9  8.9(1) 

15.8  ■S.9 

18.8  8.9 

Oct.      1.9  8.0(2) 

(1)  IJi-iyht  moon  (— 14'i.5).     (2)  Brijiht  moon  (+13'".5). 

The  star  is  quite  red,  and  the  estimates  of  Sept.  3  and 
Oct.  1  may  be  too  briglit  on  account  of  moonlight  back- 
ground. 


-Eridani*  =  C.DM. -24°19()0. 
This  is  one  of  the  H.C.O.  variables  recently  announced 
by  J\lrs.  Flkming  in  the  Astrnphi/sical  Journal,  2:  198. 
Since  its  announcement  I  have  observed  it  on  five  nights. 
The  identification  with  C.DM.  -24°19fi0  (8". (5)  appears  to 
be  corr(!ct,  and  my  (ib.scrvations  below,  taken  in  connection 
with  the  ('.DM.,  would  ajjjiear  to  be  sufficient  optical  con- 
firmation of  its  variability.  The  following  magnitudes  rest 
\ipon  an  extension  downwards  of  the  C.DM.  scale  from 
alujut  9".(). 
Gr.  M.T. 

1895  Oct.  17.8  ll'o 

18.8  11.(1 

23.8  10.9 


Or.  M.T. 

1895  Oct.  2(5.8 
29.9 


10.7 
10.3 


*  1386  T  Eridani,  see  p.  184. 
Washington,  1895  Noii.  . 


FROM  A  LETTER   OF   MR.  BERBERICH   TO   THE  EDITOR. 


A  few  days  ago  Mr.  Coxiel  and  Mr.  Capox  of  the  Bureau 
ih'.t  Lonfjitudes  at  Paris  sent  me  the  elements  for  some  of 
the  last  planets,  among  others  those  of  BZ,  CA  and  CB. 
It  was  evident  to  me  at  once  that  CA  must  be  identical 
with  (33(>),  [1892  D],  the  first  discovered  by  Chaklois,  with 
tlie  aid  of  photography.  There  were  only  five  observa- 
tions, Sept.  20,  21,29,  at  Nice,  and  Oct.  18  and  19  at  Mar- 
seilles, or  practically  three  positions,  as  the  first  two  and 
last  two  observations  are  too  close  together.  Unfortunately 
in  the  place  of  the  middle  position  there  was  a  large  error 
(1'  in  Decl.)  resulting  from  an  incorrectness  in  the  place  of 
the  comparison-star.  Of  covirse  the  elements  also  came  out 
quite  erroneous,  and  gave,  for  1895,  a  place  very  discordant 
from  that  at  which  CA  was  found.  The  corrected  elements 
of  (336)  are  now  : 


Epoch 
M 

i 


1892  Sept.  20.5  Berlin  M.T. 


=   234 


94     0  27.2 
26  35  57.8  ) 
32  34.9  - 11 


41 


58.5  \ 


)00.0 


log  a 


5  20  28.2 
1047".590 
0.353210 
m^   =   11".8,     (/   =   9". 6 
The  niunbers  of  the  last  planets  now  become 

(402)  =   1895  BW,  discovered  by  Chaelois  March  21 

(403)  =   1895  BX,  «  "  "  May 

Berlin,  1895  0<;t.  29. 


18 


(404)   =   1895  BY.  discovered  by  Chaklois  .June    20 
(40.5)    =   1895  BZ.  "  "  "  July     23 

(lOfJ)   =   1895  C/l.  "  "  «  Aug.     22 

The  planet  CC  of  about  11". 5,  discovered  by  I'rof.  M. 
WoLK  on  (_)ct.  13,  is  probably  a  new  one.  The  same  plates 
contain  a  second  planet  12". 5,  1895  CD,  not  yet  observed 
directly. 

In  Sejitember  last  Mr.  Chaklois  reobserved  the  planet 
(325)  JIeideH>i'r//a  not  very  far  from  the  computed  place.  I 
shall  now  proceed  to  compute  the  perturbations  by  Jvpiter, 
which  will  be  of  a  similar  character  and  amount  as  those 
of  (17 5)  Andromache.  The  latter  is  now  near  opposition, 
and  should  be  reobserved.  An  ephemeris  is  given  in  the 
Asti-.Jalirhiirh  for  1897,  p.  447. 

The  tables  of  elements  and  of  oppositions  of  the  minor 
planets  for  the  year  1896  are  now  in  press.  The  places  are 
given  for  332  planets  from  (1)  (7«/-e.v  to  (401)  Ottilia,  with 
a  few  exceptions  of  planets  having  very  uncertain  orbits. 

Planet  (401)  Ottilia  deserves  also  some  interest,  as  it  pos- 
sesses a  mean  motion  of  584"  ±3",  differing  by  only  14"  from 
the  double  motion  of  Jupiter.  If  the  orbit  shall  be  con- 
firmed by  later  observations,  the  great  gap>  in  the  zone  of 
minor  planets  will  be  confined  within  the  limits  584"  to 
611"  instead  of  572"  to  611"  as  now.  Therefore  the  fifth 
hundred  of  the  group  of  planetoids  begins  with  an  impor- 
tant bodj',  the  theory  of  which  might  lead  to  several  signifi- 
cant results. 


SUPPOSED   NEW   STAR  IN    CARINA. 


The  Boston  Herald  of  Nov.  5  announces,  apparently  by 
authority,  that  a  new  star  has  been  found  by  Mrs.  Fleming 
at  the  Harvard  Observatoiy,  upon  photographs  taken  at 
the  Bovden  Observatory  in  Arequipa  by  Prof.  1!atley. 

It  does  not  appear  upon  photographs  taken  ISSO  May  17 


and  1895  March  5 ;  but  it  is  found  upon  plates  taken  in 
1895,  from  April  8  to  July  1,  during  which  interval  its 
magnitude  fell  from  8"  to  11".  The  star  is  said  to  i)recede 
Arg.  Gen.  Catal.  15269  bv  0'".5,  being  0°.7  north. 
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ASSKJXMEXT   OF   NOTATION   FOK  KECP:NTL^ 

Bv  S.  C.  CHANDLER. 


DISCO VEKEI)   VARIABLES. 


19»».(» 

1000 

i8r 

.0.0 

Maguiluile 

No. 

Star 

R.A. 

Deil. 

Annual  Yariatiuu 

K.A. 

Decl. 

Max. 

JMin. 

li        m     • 

o        t 

8 

1 

h       m      8 

o        / 

H 

M 

1386 

TErUlani 

3  50  57 

-24  19.5 

+  2.5G 

+  0.1  S 

3  49     2 

-24  27.0 

- 

7.2 

11.0 

2778 

W  I'ltpjiis 

7  43     4 

-41  57.1 

2.99 

-0.14 

7  40  49 

-41  5o:6 

- 

9.5 

12. 

3264 

W  Ciiiicrl 

9     4     0 

+  25  39. 

3.52 

0.24 

9     1   21 

+  25  50 

- 

9.6 

<13. 

3417 

U  Vt'loniiii 

9  29  28 

-45     4.3 

2.25 

(t.2(i 

9  27  4(; 

-44  52.4 

- 

8.1 

8.5 

441". 

T  Cntch 

12  15  54 

-(ii  r.ui 

.".24 

0.33 

12  13  28 

-61  28.6 

- 

6.8 

7.6 

5405 

RTUhrae 

15     0  47 

-18  20.8 

3.39 

0.24 

14  58   15 

-18  10.1 

- 

8.7 

11.7< 

5566 

Ml'  Librae 

15  27  41 

-14   -.9.4 

+  3.35 

0.21 

15  25  10 

-14  50.0 

- 

8.5 

<12. 

5601 

S  Ursiie  mi)wr!s 

15  33  26 

+  78  58.4 

-2.46 

-0.20 

15  35  18 

+  79     7.3 

7 

8.4 

11.5 

6871 

V  Li/rae 

19     5     9 

+  29  30.0 

+  2.35 

+  0.09 

19     3  24 

+29  25.8 

-       9.1 

<12. 

7590 

Z  Ciipi'ironii 

21     5     3 

-16  35.2 

3.35 

0.24 

21     2  32 

-16  46.0 

-        9.0 

11.5 

8598 

U  Pcffiist 

23  52  53 

+  15  23.9 

+3.06 

+  0.33 

23  50  35 

+ 1 5     8.9 

0        8.9 

9.7 

A   NEW   XEBTTLA. 

liv   11.  ('.   WILSON. 


While  looking  for  Fayk's  coiufi  on  tin-  iii;.;lit  dI  ( (ct.  8,  I 
came  across  a  small  nebula,  whit^h,  so  far  as   1  i-an  learn, 
has  not  been  observed  before.     Its  i.o.sition  for  1895  0  is 
E.A.  =  21'-  6'"  4".67;  Ded.  =  -2°  27'  40".9. 

'I'liis    jtosition    depends    upou  u   uiii-ioinoti'r-ci)ni]]arison. 


(4  bisections  and  il  transits),  willi   the  se\i'ntli-iiiaj;iiitnile 
star  Munich  275,'U  ; 

Xeb. -*,     //«  =  -0'"2\22;     zy<V  =   +0' 55".S. 
The  nebula  is  very  faint,  very  small,  and  round,  with  a 
rather  sliarp  condensation,  12"  or  l.">".  in  the  center. 


NEW  ASTEROIDS. 

Prof.  lvl!UKiii;i;  annt.unces  the  discovery  of  two  others  by  Prof.  Wolf,  hSU.'i  Octolicr  I."..      Their  positions  were 

h       in  li       111      8  o       '       " 

CC.     11.'."     Oct.  18,     11  22.5  I'.erlin  M.T.     ,(  =  1  .'^S  42.4.       ('<  =  +23  46  .55.      Daily  mot.  -.".(i"  in  «.  and  4'    southward 


CD.     12,V'     Oct.i; 


10    L'.S  llci(l(-lh,.M.T. 


+  27  37 


Dailv  m<it.  — .'iPin  icand  1  .'/southward 


NEW   ASTRONOMICAL    WOiUv. 


Catalogue  (les  Moutements  Propres  de  2041  Ktoilen.  pur   M.  .1.  Uns- 

SEItT. 

The  extensive  researches  of  Mr.  llo.ssKirr  relative  lu  proper  mo- 
tions, published  in  the  first  two  volumes  of  the  fjatalogue  of  the 
Observatory  of  Paris,  afforded  him  a  range  of  knowledge  on  the  sub- 
ject, which  he  has  utilized  in  preparing  this  elaborate  collection. 

Only  those  stars  are  included  for  which  the  annual  proper  motion 


tiou,  and  is  deduced  from  observations  embracing  at  least  ."lO 
years. 

The  star-places  are  given  for  the  mean  eipiino.';  of  1900.0  together 
with  their  annual  precessions  as  well  as  proper  motions,  and  cita- 
tion of  the  authorities  employed. 

An  apjiendix  contains  34  additional  stars,  diiefly  ilerived  from 
Prof.  PonrKit's  Catalogue  in  the  Pidilirations  of  the  Cincinnati  Oli- 
servatory,  which  was  not  received  until  the  jirintingof  this  Catalogue 


amoiuits  to  not  less  than  0.01  in  right-ascension  or  O'MO  in  declina-  i    by  Jlr.  BossElir  was  far  ailvamed. 


CONTENTS. 
Maxima   and  .Minima  m    I.ipm.-I'kisioh  V  a  i;i  ai:i,i>,   \\\   Mn.  .1.  A.   Pahkuc  itsf. 

OliSKKV.VTIONS   OI'    COMKTS,    MV    PlCOF.   E.    KlUsItV. 

Transit  oi-  MKitciitv,   18'J4  Novemiski!  0-10,   nv   Di:.  .\.  <).   l.K.rsc  um;i;. 

I'KIiTlKIiATIOXS   IX   THK  MllTroS   Ol'  THE  Dot  T.I.E  StaI!    F.  70  OiMiiicni    =   '^.'ll'rl,   iiv    Dii.  'I'.    .1.    .1.    .See. 
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Fn.AK-MiinoMETEi!  OnsEKVATioxs  oE  Kave's  Comet,   uv   Puoe.  Ohmo.nd  Stone. 

On   a   New  Vap.iaui.e  oe  I'Erii.iAi:  C^ii  akactkk,  8.ji»S  fr  Peoasi,  hy  Dii.  S.  C.  <  ii  aniiiei:. 
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I.SON. 
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Okseisvations  of  Comet  a  189.".  (Swiet),   isv  I)u.  H.  C.  Wl 

CONEIItMATlONS    OK    V'.VKI  A ISIEITV,    UV    PkoE.   H.    M.    PaII.. 

From  a  Lkttek  oe  Mh.  Bkkisekk  ii  to  the  Em  mi:. 

Si'PPOsKn  New  Stau  in  C.xkixa. 
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ON   THE   VALUE   OF  THE 

By  SIMON 

In  my  work  on  the  FiiniJitnicntdl,  Coiisfnntx  of  Asfroiwmy, 
I  made  only  a  rapid  and  hasty  determination  of  the  con- 
stant of  precession,  and  iinally  adopted  a  value  of  that 
constant  based  on  some  results  which  I  worked  out  when 
Li'dwk;  Stkl've's  discussion  of  the  subject  first  ai)peared. 
Tliat  I  did  not  enter  more  carefully  into  the  subject  was 
due  to  two  reasons.  The  constant  of  precession  is  so  dis- 
connected from  the  other  astronomical  constants  that  no 
admissible  change  in  its  value  will  materially  affect  the 
other  constants.  It  is  also  not  possible  to  make  any  de- 
ternunation  at  the  present  time  which  can  lay  claim  to 
extreme  precision.  The  circumstances  which  tend  to  weaken 
the  determination  diminish  the  evil  of  any  imiccuracy  in 
the  adopjted  quantit}'. 

Since  the  publication  of  the  work  this  raiiidity  of  treat- 
ment has  assumed  in  my  eyes  the  apjiearance  of  a  serious 
blemish.  I  have  been  troubled  all  the  more  from  a  sus- 
j)icion  that  my  adopted  value  of  the  precessional  motion 
is  too  small.  I  have  therefore  determined  to  go  into  the 
subject  more  fully  than  was  done  in  my  book,  with  the 
object  of  presenting  the  results  to  astronomers  in  such  a 
form  that  they  can  readily  determine  whether  it  is  better 
to  adhere  to  the  value  there  given,  or  to  adopt  some  other. 

For  the  sake  of  perspicuity  I  begin  by  repeating  certain 
statements  of  the  nature  of  the  problem,  which  I  have 
made  elsewhere.  The  motion  to  be  determined  is  that  of 
the  equinox  upon  the  celestial  sphere,  regarded  as  fixed. 

One  difficulty  met  with  arises  from  the  i)roper  nmtions 
of  the  stars.  The  Sfelbiritm  Flxarum  Sph(u:ra  IiiniiobiUs  of 
Copernicus  can  be  realized  only  by  eliminating  these  mo- 
tions. No  doubt  the  stars  of  smallest  magnitude  which 
can  be  accurately  determined  will  ultimately  be  taken  as 
determining  this  sphere.  Birt  the  systematic  errors  affect- 
ing observations  of  these  stars,  of  which  I  shall  hereafter 
speak,  render  it  advisable  to  depend  on  stars  of  larger 
magnitude,  especially  those  observed  by  Bradley.  After 
careful  consideration  it  seems  to  me  that  the  probable  error 
in  the  general  mean  of  all  the  stars  thus  observed,  arising 
from  proper  motion,  will  be  materially  less  than  that  of  the 
systematic  errors  in  observing  the  fainter  stars. 


PRECESSIONAL   CONSTANT, 

NEWCOMB. 

Another  complication  is  introduced  by  the  fact  that  even 
the  Bradley  stars  are  not  compared  directly  with  the  sun, 
but  only  with  the  fundamental  or  (dock  .stars,  which  are 
themselves  compared  with  the  sun.  Thus  the  ])roblem 
divides  itself  into  two  parts;  the  fixing  of  the  equinox 
among  the  stars,  or  the  determination  of  the  common  cor- 
rection to  the  right-ascensions  of  all  the  fundamental  stars, 
and  a  determination  of  the  smaller  stars  relative  to  the 
fundamental  ones.  I  leave  out  of  consideration  the  third 
step,  that  of  determining  the  sun's  absolute  longitiule,  be- 
cause I  conceive  this  is  already  done  with  sufficient  i)re- 
cision. 

In  the  work  already  alluded  to,  Ludwk;  Stktve  derived 
the  precessional  motion  from  the  observed  changes  both  in 
the  right-ascensions  and  the  declinations  of  stars,  and  com- 
bined the  results.  What  I  now  propose  to  do  is  to  re-solve 
his  equations  in  such  a  way  as  to  determine  what  I  have 
called  the  "precessional  constant."  The  term  "constant  of 
precession  "  is  commonly  taken  to  mean  the  annual  motion  of 
the  equinox  in  longitude,  which  is  reallj'  not  constant.  To 
avoid  confusion  with  this  annual  motion,  I  ap]ily  the  above 
term  to  the  quantity  wliich  lies  at  the  base  of  the  theory, 
and  which,  although  not  an  absolute  constant,  varies  so 
slightly  that  it  may  be  regarded  as  such  during  a  period  of 
one  or  two  centuries.  From  its  value,  P,  the  precessional 
motions  are  obtained  bj'  the  equations 


m 

=   P  cos-  £  +  ff  sec  ; 

n 

=  Psins  COST 

Po 

=   Pcosc- 

P 

=    l>o  +  " 

Here  2\i  P  ^-ud  n  are  the  lunisolar,  general  and  plane- 
tary precessions  in  longitude. 

I  propose  to  combine  L.  Struve's  equations  to  the  single 
end  of  obtaining  the  value  of  P.  Struve's  numerical  re- 
sult rests  upon  the  equinox  of  Auwers-Bradley  in  1755, 
and  that  of  the  mean  of  the  Pulkowa  standard  catalogues 
for  1845  and  1865.  The  interval  is  100  years.  As  the 
position  of  the  equinox  at  the  time  oil  Bradley  cannot  be 
regarded  as  absolutely  determined.  I  shall  introduce  a  sym- 

(18.^) 
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bolic  correction  da  to  tlxe  centennial  motion  of  the 
eqninox  in  R.A.  as  determined  by  Anwers-Hradley  i"  1  "">"). 
and  Pulkowa  in  1855. 

In  forming  the  normal  equation,  Stiuvk  first  take.s  as 
unknown  quantities  the  corrections  dvi  and  //>/  to  tlie 
quantities  which  determine  the  jireoessional  motion  of  the 
stars.  1  cannot  timl  that  lie  exidicitly  states  to  what  values 
of  these  quantities  his  corrections  apply,  but  I  assume 
that  they  are  the  values  of  0.  Stiuve.  lie  also  includes 
three  unknown  quantities,  A',  I'  and  Z,  depending  upon 
the  solar  motion  in  space,  and  a  quantity,  i/,  expressive  of 
a  common  rotation  of  the  stellar  system  in  tlie  jdane  of  the 
galaxy.  If  this  motion  exists  at  all,  it  is  undoubtedly  so 
small  that  no  accurate  determination  of  it  is  possible  at 
the  present  time.  1  shall  therefore  suppose  it  zero.  With 
this  moditifcatiou.  and  the  addition  of  the  terms  in  Ja. 
Stki'vk's  normal  equations  maj-  be  written  as  follows: 

From  the  Riffht-Axcensions. 

92.7  Jm  +  i.SAn  +10.3T -10.7  F=  -204.4  +92.7. /« 

+   4.S  +10.6  +19.2     +   l.S     =-   15.9+  4.8 

+  10.;?  +19.2  +65.2      +   o.l     =  -   47.5 +1().;! 

-10.7  +    1.8  +   ;>.l      +64.9     =-253.9-10.7 


From   tin;  Dcrliiuitions. 
63.3z/«   +23.1  X  _   1.6  F  -     7.7;?  = 


r6.2 


+  23.1  +17.6  -  1.4  -  2.9  =  -  23.7 
-  1.6  -  1.4  +16.5  -  3.7  =  -  50.7 
_   7.7         _   2.9       -   3.7       +105.0      =  +228.2 

From  these  equations  we  now  investigate  the  motion  of 
precession  thus : 

I'ut  P.  the  precessional  constant 

f,  tlie  obliquity  of  the  ecliptic. 

Tlien  taking   the    solar   century    as  the  unit  of   time,  we 

have,  for  1850, 

m  =  Pcos-£  -13".  4  2 

n  =  P  sin  r  cos  .- 
I  have  adopted  in  my  discussion  of  the  subject, 

P  =  5489".78 
Let  ns  put  SP  for  the  correction  to  this  value,  so  that 

for  1851), 

n,   =  4600".36  +  0.842  5P 

n  =  2004".7y  + 0.365  3P 
0.  Struve  has,  for  1850, 

m  =  4607".65 
n  =  2005".64 


Thus  the  symbolic  corrections  to  0.  Stuuve's  quantities 


are 


Jm    =    -1".29  + 0.842  dP 
.Jn  =    -0".85+ 0.365  «P 
These  values  of   ^m  and  Jn     are  to  be  substituted  in 
L.  Struve's  normal  equations   in    such  way  as  to  reduce 


them  to  normal  equations  in  SP.  In  the  second  set  this  is 
done  by  simple  substitution  and  multiidication  by  0.365 ; 
in  the  first  set  by  forming  the  linear  conibiiKition  of  the 
first  two  ecpiatious. 

(1)  xO.St2  +  (2)  X  0.365 
aiul  then  making  tin-  abuvo  substitutions.     Then,  by  adding 
tlie  corresponding  normal  e(|uations  in  U.A.  and  DecL.  we 
have,  for  the  final  normal  equations, 

78.5  (VP  +24.1  A'  -    S.9r  -      2.8;?=-   76"6  +  79.8 Jk 


4.1 

+  82.9 

+    1.7 

-     2.9    =  —   22.2  +  10.3 

8.9 

+    1.7 

+  81.4 

-     3.7     r= -318.2-10.7 

2.8 

-   2.9 

—   3.7 

+  105.0    =  +221.7 

Tlie  solution  gives 

8P  =  -l".45  +  1.08./,< 
A'  =  +().30-().r.)  /« 
Y  =      -3.99  +  0 .01    la 

Z   =       +1.94  +0.02./r« 

P  =   548S.33  +  1.08./,: 

VI  =  4605. 15  + 0.91  .Jrt 
11  =  2004.20  + 0.40. /« 

p  =  5022.39 +  0.99.  At 
The  value  of  m  obtained  by  L.  Stkuve  is  4605".54,  a 
result  greater  by  0".39  than  the  above.  His  treatinent  of 
the  normal  ecjuations  differs  in  two  points  from  the  pre- 
ceding one.  For  the  conuiion  fundamental  quantity  to  be 
determined  lie  takes  the  con-eftion  to  the  lunisolar  preces- 
sion, whik'  1  have  taken  the  correction  to  the  precessional 
constant.  Moreover,  instead  of  combining  the  equations  in 
right-ascension  and  declination  into  a  single  set  of  normals, 
as  is  done  above,  he  derives  the  correction  to  the  funda- 
mental quantity  by  separate  solutions  of  the  equations  in 
right-ascension  and  in  declination,  using  in  each  set  the 
values  of  A',  I'and  <?  derived  from  tliat  set,  and  then  com- 
bining the  two  results.  The  first  of  tlie  above  deviations 
should  not  lead  to  any  difference  between  tlie  final  results 
of  the  two  methods,  and  1  do  not  think  the  second  would 
result  in  so  large  a  difference  as  0".39.  I  have,  therefore, 
iiiade  a  conjectural  revision  of  Stkuvk's  final  derivations 
in  the  following  wav.  At  the  top  of  page  21  he  gives 
(omitting  an  uiiiiiiportant  term)  the  following  result  for  the 
lunisolar  jirecession, 

'4^'  =  50".3514  +  O".0097  fz/'(^"  + 
dt  \    lit 

Here  <i  is  the  systematic  correction  of  the  proper  mo- 
tion in  right-ascension,  which  is  necessarily  left  out  of 
consideration. 

L.  Struve  does  not  state  what  value  of  J-^    he  adopts, 

but  as  50". 3514  is  also  his  finally  adojited  value  of  the  luni- 
solar precession,  I  assume  that  lie  takes  it  as  zero.  It  is 
also  to  be  remarked  that  this  finally  adopted  value  of  the 
lunisolar  precession  is  found  by  applying  his  finally  derived 
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correction  from  the  equations  of  condition  to  ().  Stkuve's 
original  value  as  derived  by  I'htkrs  in  liis  Xnmerus  Con- 
s-fans Nutatlonis,  page  71  (or  195),  witlmut  allowing  for  any 
change  in  the  planetary  precession.  WC  must  now  find  the 
change  he  makes  in  I'etkks's  value.  The  value  of  ni  for 
1800  given  by  1'etkus  is  the  one  which  has  been  extensively 
used  ever  since,  as  Stuuvk's  uunilier,  namely, 
m  =  4()0G".23 
If  from  this  value  of  m,  and  the  Struve  value  of  the 
lunisolar  ])recession,  r)0o7".!)(S,  wc  find  the  planetary  pre- 
cession in  right-asc(uisiou  by  the  equation 

dl  _  (l<^ 

dt   ^ 

in. 

Tt 

The  value  given  by  Pkteus  in  the  same  connection  is 

15".  12 
I  do  not  know  how  to  account  for  the  difference  of  0".04, 
but  it  is  of  no  importance  in  our  present  discussion. 

l>ut    the    value   of   the   planetary  (;{)recession    in    right- 
a.scension,  finally  derived  and  adopted  by  L.  Stkuve,  is 
dl 


the  result  is 


dt 

=    15".08 


cos  £  —  m 


dt 


=  14".58 


This  corresponds  to  a  correction 

j'!^=    _0".54 
dt 

If  we  adopt  this  correction,  and  substitute  it  in  Stkuve's 
fundamental  equation  for  -=-  given  above,  the  centennial 
values  of  the  lunisolar  precession  and  m  become,  for  1800, 

^'  =   50;U".(52 
dt 

m   =   4003".  70 

and  for  1850,  m    =   4605".07 

This  result  is  now  smaller  than  mine  by  only  0".08,  a 
difference  which  ]uay  well  be  due  to  the  difference  in  the 
method  of  treatment. 

It  will  be  seen  that  the  definitive  jirecession  depends  on 
the  adopted  value  of  Ja,  the  correction  to  that  common 
centennial  motion  of  the  stars  in  right-ascension  which 
is  derived  from  a  comparison  of  Auwers-Bradley  with 
the  mean  of  the  I'ulkowa  Catalogues  of.  1845  and  1865. 
Taking  as  the  basis  of  comparison  my  own  system  of  right- 
ascensions  as  found  in  the  catalogue  in  Vol.  I  of  the  Astvo- 
nomlcal  Papers,  and  re^jroduced  in  the  American  Ephemeris 
for  the  years  1881  to  1899,  and  designating  this  system  as 
^V, ,  I  find, 

iV;  -Tulk.  1855   =    +0».00(; 
iVi  -A.-B.  1755   =    -0M14 

Thus,  to  reduce  L.  Stkuve's  comparison  to  iVj ,  we  have 
Ja   =    +0'.120   =   1".80 

The  value  — O'.lll  for  iN'',  —  A.-I>.  1755,  is  found  by  a  com- 
pai'ison  with  07  time-stars  of  the  Amen'can  Ephemcris.     It 


is  markedly  larger  than  the  previous  values  which  T  have 
assigned  to  this  correction.  The  difference  arises  from  a 
systematic  discordance  between  the  results  from  the  time- 
stars  in  general,  and  from  the  Maskelyxk  fundamental 
stars.  The  latter  give  with  remarkable  accordance  the 
value  — O'.0()3  if  a  Pim-in  Austrini  is  omitted,  and  — 0".OG(i 
if  it  is  iuoluded.  There  being  31  fundamental  stars,  and 
()(j  other  time-stars  used  in  the  comparison,  it  follows  that 
there  is,  at  the  epoch  1755,  a  systematic  discordance  of 
about  0'.075  between  the  results  from  the  ancient  funda- 
mental stars,  and  from  time-stars  of  smaller  magnitmle. 
For  this  discordance  Ave  have  a  in'ra  nnisa  in  the  now  well 
established  fact  of  an  eri'or  in  the  chronograi)hic  registra- 
tion of  transits,  depending  on  the  magnitude  of  tlie  star. 
In  my  derivation  of  the  fundamental  right-ascensions,  I 
made  no  allowance  for  this  error,  although  I  pointed  it  out 
25  years  ago  in  the  special  case  of  the  Washington  Transit 
Circle  (JVaK/iiiKjton  Obseroations,  1X67,  Appendix  III,  page 
27).  But  in  this  passage  I  only  mentioned  the  effect  with 
especial  reference  to  the  observations  of  the  Transit  Circle, 
and  did  not  apply  any  general  correction  to  chronograpliic 
results. 

AVe  nmst  therefore  expect  that  since  the  introduction 
of  the  chronographic  method,  the  right-ascensions  of  the 
brighter  stars,  as  computed  from  observations,  have  been 
I'elatively  too  small,  and  those  of  the  fainter  stars  too  great. 
The  proper  motions  will  be  relatively  erroneous  in  the  same 
way ;  and  it  is  readily  seen  that  the  effect  will  be  to  make 
the  computed  right-ascensions  of  the  faint  stars  for  1755 
too  small,  and  those  of  the  brighter  stars  too  great.  I 
think  that  the  actual  value  of  the  mean  correction  should 
be  somewhat  less  than  the  mean  of  all  the  stars,  and  should 
be  derived  by  giving  somewhat  greater  weight  to  the  re- 
sults from  the  brighter  stars  which  are  observed  more 
frequently.  But  no  definitive  value  of  the  correction  can 
be  obtained  at  present. 

It  is  readily  seen  that  a  corresponding  error,  yet  larger 
in  magnitude,  will  creep  into  any  value  of  the  constant  of 
precession  derived  from  a  comparison  of  the  right-ascensions 
of  faint  stars  observed  by  Lalande  with  corresjionding  de- 
terminations made  in  recent  times  by  means  of  the  chrono- 
graph. Such  a  value  of  the  constant  we  must  expect  to 
come  out  markedly  too  large,  unless  the  proper  correction  is 
applied  for  the  cause  in  question. 

In  my  discussion  of  the  motion  of  the  equinox  (Coustunts, 
page  88,  and  Astr.  Joitrn.  XIV,  page  187),  I  liave  given  data 
for  a  correction  of  Vj  based  not  only  on  observations  of  the 
Sun,  but  of  Mi'veiiry  and  Vinius.  .\llowing  for  the  changed 
value  of  the  terms  of  long  period  in  the  motion  of  the 
Earth,  the  correction  to  LeVkkkier's  centennial  motion  of 
the  Sun  in  longitude  which  I  finally  adopted  is  eiinivalent 
to  a  correction  of  — 1".00.  Using  this,  the  following  values 
of  Ja  — -Vj  follow. 
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From  observations  of  the  Sun, 

-o.ar 

wt.  2 

•'                  "                  "        Merrunj, 

+  1.05 

•■    -A 

•'                "                 "         Venus, 

+0.20 

..     o 

Mean, 

+  0.40 

1  feel  that  tliere  i.s  uiucli  room  for  iliffereuce  of  ojiinion 
a.s  to  tlie  relative  weiglit.s  of  these  three  results.  The 
weights  2,  3  and  2  are  the  outcome  of  judgement,  not  of 
computation. 

Designating  the  system  thus  reached  as  K,,  we  have 
/,<   =    +2".20 

Tlie  .la  for  Auwf.ks's  A.(t.  system  differs  from  X^  about 
O'.IO.     Henee,  for  this  system  we  have 

Ju 


/la   =   1".80   -1".5(>   =    +0".30 

The  following  are  tlie  values  of  the  annual  pi-ecessional 
motions  for  1850  arranged  in  the  order  of  nuignitude,  which 
correspond  to  these  systems,  inserting  in  its  projjer  ]ilaee, 
as  N„,  the  value  which  I  a(lci|itrd  in  my  discussion  nl  tlie 
ftindameutal  constants,  and  adding  the  ().  Stki'vk  values 
of  III  and  II,  which,  however,  are  m)t  theoretically  accordant 
with  the  present  system.     We  put 

jt   —   annual  general  [jrecession  in  hmgitude, 
p^  =   annual  lunisolar  |u-ccession. 


.\.G.^— .\UWKKS) 

-v. 

0.  Struve 


+  0.30 

+  i.;?3 

+ 1 .80 
+  2.20 


P 

50.2260 
50.2371 
.■i0  2417 
50.2457 


Po 
50.3500 
50.:50O2 
50.3()1S 
50.308'.) 


40.0542 

4(;.i)0.">(; 

4(;.(>07S 
4(;.n7IC, 
40.0705 


2(i.o4;;s 

20.0470 
20.0408 
20. (1514 
211.0504 


MICROMETKICAL  ISIEASUKES   OF  DOUBLE   STARS, 


MADK   WITH    lllK  4ll-(M.  KEKHAeT(ll:  "K    IIIK   WASllIU   l;\  OnSKKV.^TOItV  OK  TUK   rXIVHI! 

By  T.  J.  J.  SEK. 


■.nv  OI-  WI^roN^IN,    ISO.)  SKI'T.    IS  TO  SKl'T.   '2i), 


The  following  micrometrical  measures  of  double  stars 
were  made  with  the  40-cui.  refractor  of  the  Washburn  Ob- 
servatory, during  the  latter  part  of  September.  This  ex- 
cellent instrument  and  all  other  facilities  of  the  observatory 
were  kindly  jdaced  at  nij'  disposal  by  co\irtesy  of  the 
director.  I'rof.  Geougk  C.  Comstock,  to  whom  1  take  pleas- 
ure in  acknowledging  my  warmest  thanks.  The  aim  was 
to  secure  measures  of  certain  stars  for  which  satisfactory 
orbits  can  now  be  determined,  but  as  most  of  these  objects 
are  very  close  and  difficult,  and  the  weather  was  somewhat 
unfavorable,  a  number  of  relatively  easy  Stiutve  stars 
were  picked  up  at  moments  when  more  ditKmdt  pairs  could 
not  be  observed.  Mr.  F.  R,  Moulton,  graduate  student  in 
Astronomy  at  the  University  of  Chicago,  rendered  consider- 
able assistance  in  the  work,  and  in  several  instances  made 
independent  measures. 

The  approximate  places  of  the  stars  are  taken  from  cata- 
logues referred  to  the  equator  and  mean  ecpiinox  of  1880.0. 

ij  Cassiopeae  =  .2"  (50. 

8  =  +.57°  11'. 


y.  I II, /ro  III, ■dai'.  B.C.   =    O2"205. 
a  =  II'  hn'".        8  =  +41°  4.5'. 


1805.718 
1805.723 
1805.729 


];53.0 
117.8 
112.8 


<0.;!  ± 
0.28 
0..30 


1895.729 
1895.735 


tt  =  O""  42"'. 
205!5         4''82 


203.1 


4.75 


unsteady 
good  seeing 


1895.7.32         204.3         4.78 
Mr.  ilouLTON  found: 


1895.732 


1895.723 
1895.729 
189.5.735 


205.9         4.74         2  nights 
F36  Andromedue  =  .2' 73. 

a  =  0'-  4S"".         8  =  +22°  .53'. 

14.3  1.4   ± 

14.4  1.39         unsteady 
13.2         1.41         good  result 


1895.729  14.0         1.40 

Mr.  MofLTOJj's  measures  give  an  angle  of  14°.2. 


1895.723         121.2         0.29 

Mr.  Moui.TOX  found  : 
1895.723         115^3 


elongateil 
excellent 
eloiiH-ated 


elongated,  1 


wv'M 


Tiiis  pair  i.s  still  very  close  l>ut  is  ijradiuilly  widening  out,  llic  com- 
imnioii  following  sub.stanlially  tlie  orbit  fnuml  l>y  l!ri;MiAM  in 
Monthly  Xotlce.t.  Deci'inber,  l.SO;i. 

F2{)  Pei-nei  =  f>524, 

a  =  21'  40'".         8  =  +37"  51 '. 


1895.723 
1895.729 


252.1 
251.0 


0.1  G± 
0.1 7  ± 


elongated 
sharp  elong. 


1895.726 


51.5 


0.16  ± 


This  excessively  close  i>air  could  only  be  elongated  and  the  distanc 
estimated. 


=  4h  45' 


^  883. 

.       8  = 


1895.745 
1895.746 


186.0 
186.8 


0.43 
0..35  ± 


+\n°  .52'. 

good  images 
separated 


1895.7 


186.4 


0.39 


^1k.  !Moulton's  setting  of  the  niici-ouieter  gave  : 
1895.745         188°9  separated 

This  rapid  sy.stciii  is  now  witliin  reach  of  ordinary  telescopes,  and 
should  be  given  some  attention  by  observers.  It  will  soon  be  possible 
to  get  a  good  orbit  of  this  interesting  pair. 
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<p  Ursne  Majorh  =  02'  208. 
a  =  9''  4;i"'.        8  =  +54°  3S'. 

1895.723  276.8         0.33  ±      unsteady 

1895.724  278.1         0.29 

1895.745         273.6         0.25±      niir,.rt:iiu 


1895.731 


276.2 


0.29 


This  pair  is  now  excessively  dose  anil  ditlii'ult,  anil  as  tlie  eoni- 
IHlnion  will  be  moving  more  rapidly  than  usual  it  ought  to  lie  i;iven 
partirnlar  attention  by  astronomers  with  large  telescopes. 


1895.745 


1895.745 
1895.746 


02'2.".4. 

a  =   11''  24"'.  S  =   +41°  .-,S' 

155?1         0.36  ±       close 
02^  235. 

a  =  11''  25"'.         8  =  +61°  45'. 

97!6         O.'SO         separated 
97.1         0.82  ± 


1895.745 

97.3         0.81 

01- 

269. 

a  =  13i>  27'". 

8  =  +.35°  32'. 

1895.745 

235.4         0.44 

.separated 

c  BiKifix 

=  21888. 

a  =  141'  4li'". 

8  =  +19°  36'. 

1895.663 

226.8         2.58 

witli  Dearborn  18-incli 

1895.718 

222.8         2.52 

1895.723 

222.7         2.58 

excellent 

1895.729 

222.7         2.60 

blurred 

1895.708         223.7         2.57 

Mr.  MouLTiix  obtained  : 
1895.729         224^4         2!65± 

02298. 


a  =  151'  32" 


1895.745 
1895.746 


179.7 
179.1 


0.99 
0.91 


8  =  +40°  13'. 

good  images 
well  separated 


1895.745         179.4         0.95 
Mr.  MouLTON  found : 


1895.745         177.2         1.05 

<r  Coronae  Burealis  =  22032. 
a  =  161'  10'".         8  =  +34°  10'. 

1895.718  208°.3  432 
1895.723  208.1  4.08 
1895.729         210.1         4.37         blurred 


1895.723 

208.9         4.26 

lOphhirin  =  22055. 

a   =   I(\i'  25'".          8  =  +2°  If 

1895.732 

45.6         1.47 

1895.735 

45.8         1.49 

1895.733 


45.7 


1.48 


1895.745 


1895.723 
1895.729 
1 895.732 

1895.728 


1895.732 
1895.745 


Aa</22091. 
a  =  Kii'  40'".        8  =  +43°  42'. 

34(1. (!         0.45         good  seeing 

F210  llercuUs  =  22120. 
u  =  17''  0'".         8  =  +28°  16'. 

244°3         7.23 

244.3         7.1()         good  images 

243.7  7.03 

244.1  7.14 

nDiwonh  =  22130. 
a  =  17''  3'".         8  =  +54°  38'. 

153^7         2'.'53 

151.1         2.14         blurred 


1895.738 


1895.735 
1895.745 


152.4 


2.84 


j3  41()  =  Lac.  7215. 
tt  =  17''  II"'.        8  =  —34°  51', 


320 
322.8 


1.0± 
0.99 


bad  seeing 
separated 


1895.740 


321.4 


0.99 


A  rapid  binary  system  of  great  interest.  The  components  are  now 
widening  out,  and  measures  ought  to  be  secm-ed  annually  until  the 
orbit  is  well  determined. 


a   = 

He) 

17'' 

cidis 
41"'. 

n 

C  =  A.C.  7. 
8  =  +27°  48'. 

1895.729 
1895.732 

223.2 
224.1 

1.16 
1.10 

images  faint 
seeing  excellent 

1895.730 

223.7 

1.1.'! 

New  Companion  hf  /j.  HerrnHs :  fx  Herculis  AD. 

AVhile  measuring  the  (Jlark  pair  on  Sept.  24,  under 
specially  favorable  seeing,  I  discovered  that  the  bright 
star  has  a  faint  companion  of  the  13th  magnitude,  wliicli 
seems  to  have  escaped  all  i)revious  observers. 

Measures  on  two  nights  gave  : 


1895.725 
1895.745 


304.8 
306.8 


10.  ± 
10.  ± 


1895.735         305.8         10.  ± 


In  spite  of  the  considerable  distance  of  the  companion 
and  its  excessive  faintness,  the  object  is  worthy  of  the  at- 
tention of  observers  with  large  telescopes.  The  color  of 
the  companion  is  bluish,  like  that  of  the  Clark  pair;  and, 
as  /i  Hei-culh  is  a  reddish  star,  the  system  AD  strongly 
resembles  Aldeharan,  except  that  this  companion  is  far 
more  difficult— indeed  the  most  difficult  object  I  have  ever 
examined.  The  appearance  of  the  pair  suggests  a  strong 
probal:)ility  of  physical  connection,  and  if  this  should  be 
establislied  by  future  observations  /j.  Hercnlis  would  become 
a  quaternary  system  of  gi-eat  interest.  It  will  assist  an 
observer  to  locate  the  comjtanioii  to  remark  that  it  lies  in 
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the  right  au^'le  of  a  triangle  formed  by  the  Clark  pair  and 
fji  Hercitlis.  The  new  star  will  certainly  prove  to  be  a  good 
test  object  for  the  power  of  telescopes.  Mr.  Moilton  also 
recognized  the  faint  object  on  two  evenings,  though  with 
difficulty,  and  only  at  favorable  moments  of  seeing. 

TOplniir/n   =    V  22(52. 
o  =  17"  57'".        S  =  —8-   W. 


good  seeing 


1895. 7  IS 

254.3 

1.89 

1895.723 

253.4 

1.84 

1895.729 

255.2 

1.90 

1895.732 

25G.0 

1.82 

1895.725         254.7         1.86 

Mr.  MouLTON  found: 
1895.729  77^8 


2  nights 


F70  Oj,hlm-hi  =  E2212. 


a  = 

17""  5!)'". 

8  =  +2°  33'. 

1895.715 

295.3 

1.98 

1895  718 

290.2 

2.05 

1895.723 

290.4 

2.08 

1895.729 

295.5 

2.00 

'good  seeing 

1895.721         295.8         2.03 

yiv.  MoULTON  found  : 
1895.723         290^2         2*21 


3-1  iiiglits 


F99  Herriilh  =  A. (".15. 
a  =  18''  2'".         S  =  +-M\''  :«'. 

1895.723        313X1         1.0  ± 

1895.729         317.7         1.15 

1895.732         314.2         1.22         companion  reddish 

1895.728  315.2         1T2 
Mr.  MouLTOx  obtained: 

1895.729  313^4  2  nights 


1895.745 


1895.745 


1895.737 


1895.729 
1895.732 


e^Lyrae  =  2'2382. 
a  =  18''  40'".         8  =  +39°  .3:V. 
12.6         2.74         images  blazing 

s„Lijrae  =  ^2382. 
a  =  IS""  40"'.         8  =  +39°  29'. 

Q  ft 

129.6         2.1(1         images  blazing 

;  S'lglftarU  (Uim.ikk). 
a  =  IS"  55"'.         8  =  — :50°  3'. 
193°.  1  0.20  ±      very  close 

y  Coronae  Aiistrinae. 
a  =  ISh  58"".         8  =  —.37°  14'. 

O  F 

156.5         1.57         separated 
161.9         1.60         well  separated 


Mr.  MoiLTox  found  : 
1895.730         164°1 


2  nights 


S  Cy<jni  =  2" 2579. 

a  =  19''  41'".         8  =  +44-   .■.(!'. 


1895. 

723 

310.7 

l.(i8 

di 

fficult 

1895. 

729 

305.4 

1.85 

1895. 

726 

308.0 

1.77 

01 

400. 

a  = 

20''  (!'". 

8  = 

+4:5°  -MV. 

¥ 


1895.729 
1895.732 
1895.745 


.341.5 


0.29  ±      clearly  elongated 

elongation  doubtful 
0.18  ±      uncertain 


1895.735         346.8         0.23 

This  result  is  somewhat  douhtful ;  llie  star  is  iu>«  rxci-ssivcly  rlosi-, 
.ami  as  this  will  correspoiul  to  a  rapid  anmiiar  inMiimi  of  tlic  rom- 
panion.  fiirllicr  ol)servations  are  ih'siral)le. 


3'. 


).  Cl/r/ii  i  = 

02413. 

a   = 

20''  43'". 

8  =  +3( 

1895.723 

02.2 

(t.(;5± 

1895.729 

57.(i 

0.91 

blurred 

1895.732 

62.7 

0.76 

1895.728 

00.8 

0.77 

Mr.  Mui 

LTux  : 

1895.729 


1895.723 
1895.735 
1895.737 


(58.9         0.00  ±      1  night 

FiA'/iiurli  =  22729. 
a  ==  20''  45'".         8  =  —0°  5' 


191.3 

178.5 
182.7 


0.33  ± 

0.29  s: 

o.;;s 


elongated 
e.st.0".32± 


1895.732 


184.2 


0.33 


tCi/;/iiI  =  A.C.  13. 
a  =21''  10'".        8  =  +;",7°  :«'. 


18t;5.730         159.2         1.59 


1895.723 

327.3 

0.3  ± 

1895.729 

330.9 

0.28  ± 

1895.732 

339.5 

0.3  ± 

unsteadj- 

1895.728 

332.6 

0.29  ± 

IX  Ci/f/ni  = 

.  22822 

a  = 

21''  ;59'". 

8  =  +2S°   12'. 

1895.732 

121.9 

2.89 

1895.745 

122.7 

2.7(; 

iui;i!,'es  blazin 

1895.738 

122.3 

2.83 

^  A/iiKtrii 

=  22909. 

a  = 

22"  23'". 

8  =  —0=  38'. 

1895.723 

322.6 

3.00 

1895.729 

323.3 

3.20 

images  blazing 

1895.745 

322.9 

3.11 

images  blazing 

1895.732 

■322.9 

.•'..12 
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F85  Pi'i/ax 

■  =  ^  733. 

a  =  2;!i' 

5(i"'. 

8  =  +-2i;"  L>7'. 

189.-).  71';', 

19S,() 

O.G± 

l,S9.-).7;i7 

19(>.3 

0.83 

1895.743 

200.3 

0.75 

e.st  0".70± 

1895.735         198.4         0.73 

^Ir.  MdL'LTDN  t)l)t;iiiied  : 
1895.737         204°8         o''75± 


2  iiiulits 


2:3062. 


a  =  2.3'' 

.'59'". 

1895.718 

333.0 

1.57 

1895.723 

333.0 

1 .58 

1895.729 

334.1 

1 .59 

1895.735 

33G.9 

1.3(5 

8  =  +5- 


1895.726         334.3         LPS 

T/ie  Unirersifi/  of  ChinKjo,  1895  Oct.  2. 


EPIIEMERIS   OF  VARIABLES   OF   THE  ALOOL-TYV^, 

1S9.5-1S96  Greenwich  Mean  Time. 
By  PAUL   S.  YENDELL. 


1895  D.eceinbe 

1895  Decembei 

■ 

1895  Decembei 

1 

I  Tauri 

18 

13 

y^Cau.Maj. 

ii 
16 

25         Algol 

10 

6 

S  Caucri 

19 

14 

1^  Can.  Maj. 

19 

I  Tauri 

11 

7 

2 

Algol 

11 

15 

I^Cvyni 

14 

27      Y  Cygni 

14 

3 

Y  Gygiii 

14 

16 

Algol 

19 

28      JI  Cephei 

14 

8 

U  Cephei 

16 

17 

I  Tauri 

13 

29       ;i  Tauri 

10 

5 

Algol 

8 

18 

Y  Cygni 

14 

30       Y Cygni 

14 

10 

I  Tauri 

17 

U  Cejiliei 

15 

E  Can.  Maj. 

18 

11 

R  Can.l^aj. 

18 

19 

Algol 

16 

12 

6 

rCygni 

14 

20 

S  Cancri 

18 

1896  January 

13 

8 

U  Cephei 

16 

21 

;.  Tauri 

12 

2       I  Tauri 

9 

9 

Y Cvgni 

14 

r Cygni 

14 

U  Cephei 

14 

14 

I  Tauvi 

16 

oo 

Algol 

13 

5      R  Can.  Maj. 

10 

12 

Y Cygni 

14 

R  Can.  Maj. 

19 

Algol 

20 

15 

13 

;.  Tauri 

15 

23 

U  Cephei 

15 

6       I  Tauri 

8 

16 

U  Cephei 

15 

24 

Y Cygni 

14 

R  Can.  Maj. 

13 

1896  January 

1896  January 

U  Coronae 

23 

17 

U  Cephei 

13 

U  Cephei 

14 

21 

R  Can.  Maj. 

8 

A*  Can.  Maj. 

17 

22 

R  Can.  Maj. 

12 

Algol 

17 

U  Cephei 

13 

R  Can.  Maj. 

20 

23 

R  Can.  Maj. 

15 

\  Tauri 

7 

24 

R  Can.  Maj. 

18 

Algol 

14 

27 

U  Cephei 

12 

U  Cephei 

13 

S  Cancri 

16 

R  Can.  Maj. 

9 

28 

Algol 

19 

U  Coronae 

20 

29 

R  Can.  Maj. 

7 

Algol 

11 

30 

R  Can.  JVIaj. 

11 

R  (!an.Maj. 

12 

31 

R  Can.  Maj. 

14 

Ji  Can.  Maj. 

16 

Algol 

16 

«  Can.  Maj: 

19 

NOTE   ON   THE   NEW   VARIABLE   8598  U  PEOA8I, 

By   PAUL   S.  YENDELL. 


In  September,  1894,  Dr.  Ch.\ndlek  called  my  attention 
to  this  star  as  being  probably  a  variable  of  the  Alijol-iy\)6, 
with  a  period  of  2''.06  to  2''.07. 

I  at  once  began  observations  on  the  star,  and  on  October 
18,  19,  27  and  Nov.  3,  was  so  fortunate  as  to  secure  evi- 
dence fully  confirmatory  of  the  fact  of  the  star's  variability. 
The  observed  times,  however,  were  not  compatible  with  the 
period  suggested  by  Dr.  Chandi.kr,  ami  strongly  indicated 
that  the  actual  period  was  some  fraction  thereof,  most 
probably  one-third.  Observations  were  continued  until  late 
in  January,  1895,  without  j'ielding  further  conclusive  evi- 
dence on  the  question  of  the  period. 

The  watch  on  the  star  was  again  taken  up  in  September 
of  the  current  year,  and  on  the  13th  of  the  month  I  had 
the  good  fortime  to  recover  the  minimum,  followed  by 
another  on  the  loth.  These  minima  did  not  decide  the 
question  as  to  the  period,  as  both,  together  with  the  two 
best  observed  minima  of  1894  were  well  satisfied  by 
Chandler's  period.  On  September  24,  however,  an  un- 
commonly certainly  determined  minimum  was  obtained, 
which  showed  beyond  a  doubt  that  the  real  period  is  not 
jrreater  than   16''  34'".     The   observations,   however,  show 


large  anomalies,  as  yet  unexplained,  as  the  residuals  ex- 
hibited are  altogether  too  great  to  be  considered  as  obser- 
vational errors,  the  more  especially  as  the  star's  hght- 
changes  are  very  rajiid,  and  the  phases  exceptionally 
distinctly  defined. 

The  comparison-stars  employed,  with  the  light-scale  and 
magnitudes  deduced  from  my  observations,  are  as  follows  : 


DM. 


Y. 


Lisrht 


a   =    15°4916 

8.8 

8.80         20.0 

h  =  14°5078 

9.3 

9.10         15.7 

,■  =  14°.50S0 

9.5 

9.28         13.0 

'/   =   15°4909 

9.5 

9.54           9.1 

,/   =   15  4910 

9.5 

9.60           8.4 

h  =   15°4912 

9.5 

9.79           5.6 

The  actually  observed 

minima  are  as  follows  : 

Local  Jlean  Tmw 

wt.             Local  Mean  Time 

wt 

d        h         111 

il        h       m 

1894  Oct.  18     7  55 

3 

1895Sept.24     9     8 

5 

19     7     7 

3 

Oct.  14  10     9 

5 

27     8  20 

4 

IS  13     3 

4 

Nov.    3     6  17 

3 

19     7     5 

4 

1895  Sept.  13     8     1 

3 

21     8  48 

-1 

15  10     0 

3 
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Resides  the  above  actually  observed  times,  ;i  luiiiiiiiuiii 
was  inferred  on  1S95  January  24''  8''  17'",  from  7  observa- 
tions during  the  star's  decrease.  'I'his  is  from  the  nature 
of  the  case  very  uncertain,  as  the  star  was  low  at  the  time 
of  observation,  and  it  is  not  yet  |)ossible  to  form  any  use- 
ful mean  light-curve. 

Dorchester,  1895  Oct.  29. 


Since  the  above  was  written,  T  luivr  olitaincd.  cm  tlu' 
evening  of  Nov.  3,  a  niiiiiinum  and  tin'  niaximuni  iuiincdi- 
atelj-  following,  the  observed  times  being  as  follows: 


Minimum,     I!''  5G" 
Maximum.     '.!''  27" 


good 

not  i|uite  so  certain 


These  corroborate  the  discovery  by  Dr.  CiiAXDi.Kit  of  the 
true  character  of  the  star's  variability,  and  the  minimum, 
given  above,  of  1894  October  19,  gives,  with  the  elements 
based  on  the  period  of  0''.()9()28,  a  residual  of  +5''  34"', 
which  is  confirmatory  of  tlie  value  of  the  period  found  by 
liim. 

JJorcliester,  1S'J.J  2s u v.  5. 


COMET  c  1895. 

A  telegram  from  Prof.  Son. vkhkhi.k  at  .Mt.  Hamilton,  says: 

"A  bright  comet,  with  a  tail,  was  discovered  by  Pkkktxe,  at  the  Lick  Observatory,  in  the  pusitiun. 

1895  Nov.  17.060  Greenw.  M.T.     u  =  13"  44"',     »  =    +1°  20'." 
A  later  observation  by  the  discoverer  gives 
1895  Nov.  18.0608  Greenw.  M.T.     u  =  13''  46'"  43'.4,     tS  =   +1°  9'  59".     Dailv  inctiun.  +1'"  44"  in  a.  and  2".»'  scuiiliwar. 


CO^IET  c  1895 

Elements  andephemeris  of  this  comet  have  been  received 
\)\  telegraph  from  the  University  of  California. 

Prof.  A.  0.  Leuschnek  sends  elements  from  first  three 
davs'  observations  at  Mt.  Hamilton,  as  follows  : 


T  =   1895  Dec.  18.2695  (iicenw.  M.'V. 

Q,    -   320     1.4) 
w   =   271  57.6  -Eq.  1895  0 
/  =   141   55.0^ 

q  =  0.19429 
(C-0)    Jl  =   5";     Jjj  =   3". 

From  these  ilr.  Ross  has  computed  the  ephemcris  for 
Greenwich  midnight. 


18!'.") 

App.  rt 

A  pp.  S 

logp 

iiriglitu. 

Nov.  20.5 

l;i  52   15 

-0     8 

0.1691 

1.3 

24.5 

14     2  54 

-2  37 

28.5 

14  16  33 

-5  44 

Dec. 


14  .35  10         -9  49 


0.0278 


5.6 


From  Prof.  Campbell  have  also  arrived  the  following  ele- 
ments, computed  by  himself  from  the  Lick  observations 
of  Nov.  17,  18,  19. 

T  =   1895  Dec.  18.41  Gr.  ^[.T. 

(0  =   273°    1) 
9,    =  320  49  -  App.  eq. 
i  =   141   25  ) 
7   =   0.1914 
also  an  ephemeris  practically  identical  with  that  above. 


COMET  d  1895. 

A  comet  was  discovered  by   I'.ucioks  at  (ieneva,  N.Y.,  Nov.  21'' 14''  (Washington  .M.T.)  in  the  position, 

u  =   9''  52'"     ,     ,')•  =    -17°  40'.  I 

It  is  described  as  large,  and  moderately  bright.     Motion  northward. 


CORRIGEXDl  M. 
No.  358,  p.  182,  Note  toStai-Tahle.    jur     U'-.O    put     14".0. 
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TABLES  OF  THE  TRAJECTORY  OF  THE  POLE,  FOR  COMPUTING  VARIATIONS 

OF   Lx\TITUDE, 

By     S.     C.     CHANDLEl!. 


The  relative  motion  of  tlie  eartli'.s  axes  of  figure  and  ro- 
tation is  governed  by  a  law,  syntlietically  derived  from 
observation,  whose  constants  are  so  accurately  known  that 
we  can  with  certainty  compute,  in  advance,  tables  of  the 
variations  of  latitude  for  any  given  station.  Such  tables 
are  necessary  for  the  correction  of  zenithal  or  horizontal 
points  of  meridian  and  vertical  circles,  as  well  as  for  other 
purposes.  A  convenient  and  suitable  place  for  them  in 
future  would  be  the  various  astronomical  ephemerides. 
^Meanwhile  the  coordinates  for  the    years    1803-1896  are 


here  given,  for  the  correction  or  comparison  of  current 
series  of  observations.  The  intervals  of  20  days  will  per- 
mit easy  interpolation.  The  positive  axis  of  y  is  directed 
to  Greenwich,  and  that  of  ,r  to  longitude  270°,  or  90°  east 
of  Greenwich,  (see  A.J.  XIV,  pp.  83  and  129).  The  vari- 
ations of  latitude  for  a  station  in  longitude  ).,  reckoned 
positive  west  from  Greenwich,  may  be  found  by 

cr  — c-ji    =    a;  sin  J.  — y  cos  J. 

where  cr  is  the  instantaneous,  and  cr^  the  mean  latitude. 


1893 

!C 

y 

1S94 

X 

y 

1895 

X 

y 

1896 

X 

y 

Jan.     5 

-o'!l23 

-o!o98 

Jan.     0 

+  o!o07 

-o!l29 

Jan.    15 

+  0.11"! 

-0.043 

Jan.    10 

+  0.119 

+  0.080 

25 

.118 

-  .031 

20 

-    .001 

.100 

Feb.      4 

.116 

.043 

30 

.162 

.068 

Feb.   14 

.104 

+   .038 

Feb.      9 

.009 

.065 

24 

.112 

.042 

Feb.    19 

.191 

.051 

Mar.     li 

.081 

.100 

Mar.     1 

.017 

-    .024 

Mar.  \{\ 

.095 

.040 

Mar.   10 

.201 

+   .026 

26 

.054 

.151 

21 

.026 

+   .014 

Apr.      5 

.068 

.037 

30 

.192 

-   .004 

Apr.  15 

-   .025 

.185 

Apr.    10 

.035 

.048 

25 

+   .032 

.034 

Apr.   19 

.162 

.037 

May     5 

+   .004 

.199 

30 

.044 

.075 

Mav   15 

-   .010 

.032 

May     9 

.116 

.070 

25 

.028 

.192 

May   20 

.052 

.093 

June    4 

.054 

.028 

29 

+   .056 

.098 

June  14 

.047 

.169 

June    9 

.059 

.099 

24 

.095 

.023 

June  18 

-   .011 

.118 

July     4 

.058 

.131 

29 

.062 

.097 

July  14 

.130 

.016 

July     8 

.079 

.130 

24 

.066 

.081 

Jvdy   19 

.062 

.087 

Aug.     3 

.154 

-   .007 

28 

.141 

.128 

Aug.  13 

.068 

+   .026 

Aug.     8 

.056 

.070 

23 

.163 

+   .005 

Aug.  17 

.189 

.114 

Sept.    2 

.062 

-   .029 

28 

.044 

.050 

Sept.  12 

.157 

.018 

Sept.    6 

.220 

.087 

•T> 

.057 

.077 

Sept.  17 

.029 

.028 

Oct.      2 

.134 

.035 

26 

.229 

.048 

Oct.    12 

.046 

.115 

Oct.      7 

—   .007 

+   .008 

22 

.097 

.050 

Oct.    16 

.215 

-   .005 

Nov.     1 

.036 

.141 

27 

+    .020 

-   .010 

Nov.  11 

-   .048 

.065 

Nov.     5 

.178 

+   .043 

21 

.026 

.151 

Nov.  16 

.047 

.024 

Dec.      1 

+   .008 

.076 

25 

.124 

.090 

Dec.   11 

.017 

.146 

Dec.     <; 

.073 

.034 

21 

.066 

.081 

Dec.   15 

-   .057 

.131 

31 

+0.007 

-0.129 

26 

+  0.095 

-0.040 

41 

+  0.119 

+  0.080 

35 

+  0.019 

+0.159 

The  basis  for  the  construction  of  this  table  is  eq.  (55), 
A.J.  XIV,  p.  129,  witii  the  exception  that,  instead  of  the 
approximate  values  of  the  constants  of  the  428-day  term 
there  used,  the  values  are  taken  exactly  as  defined  by 
eq.  (52),  I.e.,  \\  74  ;  namely. 


T^  =  2402327  +  428.6  E  +  oT^  .sin  * 
/•,  =  0".135  +  0".050sin* 
where  *   =    (i'- 240  2327)  0°.015 

Therefore  the  coordinates  of  the  table  are 


(19.-!) 
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<  X  =  r,  sin  {f-  r,)  e  +  0".ll  sin  (©-300°) 
(^''.'        jy  =   r,  cos(/— r,)(9+0".ll  cos© 

The  longitxule  ©  is  that  of  tlie  tii-titious  or  mean  sim. 
AVe  have  for  the  current  decade, 


E 

r. 

e 

>-i 

O 

It 

+  20 

2410942.1  = 

=  1888  Oct. 

31.1 

0.848 

0.174 

21 

1306.6  = 

=  1889  Dec. 

29.6 

.849 

.170 

•)'7 

1790.6  = 

=  1891  Feb. 

26.6 

.8.")(l 

.166 

23 

2214.3  = 

=  1892  Apr. 

25.3 

.850 

.162 

24 

2637.6  = 

=  1893  Jiuie 

22.6 

.851 

.157 

25 

3060.5  = 

=  1894  Aug. 

19.5 

.852 

.152 

26 

3483.1  = 

=  1895  Oct. 

16.1 

.852 

.146 

27 

3905.7  = 

=  1896  Dec. 

11.7 

.852 

.141 

28 

432S.2  = 

=  1898  Peb. 

7.2 

.852 

.135 

29 

4750.6  = 

=  1899  Apr. 

5.6 

.852 

.130 

+  30 

2415173.2  = 

=  1900  June 

2.2 

0.852 

0.124 

The  choice  of  the  adopted  constants  rests  on  the  follow- 
ing considerations.  From  a  discussion,  the  details  of  which 
I  need  not  print,  of  all  the  European  observations  by  T.4l- 
cott's  method  from  1889  to  1894,  I  have  found  that  tlie}- 
indei)endeutly  confirm  the  fact  that  the  coefficient  i\  is  at 
present  diminishing,  as  required  by  the  law  developed,  from 
the  observations  1825-92,  in  A.J.WII.     Thus  we  have 

Observed       Kq.  (.")2) 

1890.5         o!l71  (UdS 

1893.5         0.155         0.1. -)7 

Further,  the  comparison  of  data  not  used  in  deducing 
eij.  (52)  confirms  also  the  fact  that  the  present  length  of 
the  428-<laj-  period  is  about  423  daj'S,  as  assigned  by  that 
equation.  Again,  observations  more  recent  than  those 
used  in  .J../.  ."29  fully  confirm  the  dimensions  and  position 
of  the  annual  ellipse  there  found.  Tlirough  the  courtesy 
of  Profs.  Becker,  Dubtago  and  Eistexpart,  I  have  been 
sui)plied  with  the  manuscript  results  of  recent  observations 
at  .Strassburg,  Kasan  and  Karlsruhe.  Mr.  George  A.  Hill 
also  has  kindly  sent  me  the  series  of  prime-vertical  obser- 
vations which  he  has  been  making  at  the  Washington 
()V)servatorj- since  October  1894.  Combining  all  these  with 
Prof.  Doolittle's  results,  .4.t7!  340  and  360,1  have  found 
the  elements  of  the  annual  ellipses  for  1894  and  1895,  in 
the  same  manner  as  for  1890,  1891-2  and  1893,  described 
in  .1../.  329.     We  thus  have 


r 

1890  Apr.  11 

X 
20°9 

CO 

0 

44.7 

a 
0."309 

6 
0."ll2 

1892  Apr.    1 

10.6 

51.4 

.?A\ 

.0.54 

1893  Mar.  27 

5.4 

2.'!.4 

0.2.S9 

0.082 

7' 

lS94Ai)r.    9 
lS95.\i,i-.    ;» 


1 1 .1 
17.2 


0] 

68°  9 
.•!2.1 


0.293 
0.;{59 


0.020 
0.029 


Tlie  last  two  are  relatively  uncertain,  being  found  from 
intervals  of  only  250  days  each,  which  cover  only  two-thirds 
of  the  annual  revolution. 

It  is  interesting  to  note  tliat  the  above  elements,  derived 
indejieiidently  from  five  different  revolutions,  ajiparently 
sliow  that  no  appreciable  progressive  change  lias  taken 
place  in  the  direction  of  the  major-axis  upon  the  earth's 
surface.  The  question  of  an  apsidal  motion,  which  I  have 
suggested  as  possible  (.1.;/.  XI\',  p.  84),  .seems  therefore  to 
be  answered  in  the  negative,  so  far  as  five  years'  observa- 
tions enable  us  to  judge.  This  important  fact  will  be  help- 
ful in  the  search  for  the  cause  of  this  singular  annual 
motion. 

I  add  a  tahU'  of  variations  of  latitude  for  Pulkowa,  Ber- 
lin, Paris  and  Washington,  during  1S96.  Greenwich  is  not 
included  because,  for  1  =  0,  we  have  t{  —  f^=—y\  so 
that  for  Greenwich  the  variations  may  be  taken  directly 
from  the  table  of  //,  reversing  the  signs. 

Variations  of   Latitude  in  1896,     <f  —  <f^ 


1890 

Pulkowa 

Berlin 

Paris 

Washington 

Jan.    10 

-0.'l29 

-0.105 

-0.085 

+  0.098 

30 

.141 

.104 

.074 

.143 

Feb.    19 

.140 

.094 

.059 

.175 

Mar.  10 

.124 

.072 

.0.34 

.190 

30 

.094 

.040 

-   .004 

.188 

Apr.    19 

-   .050 

—   .001 

+   .031 

.166 

May     9 

+   .002 

+   .041 

.065 

.129 

29 

.056 

.082 

.096 

.077 

j  June  18 

.107 

.117 

.118 

+   .016 

.  July     8 

.152 

.145 

.133 

-  .04.S 

28 

.181 

.157 

.134 

.101) 

Aug.  17 

.194 

.155 

.121 

.159 

Sept.    6 

.186 

.136 

.096 

.195 

26 

.157 

.100 

.057 

.212 

Oct.    16 

.113 

+   .055 

+   .014 

.20!) 

Nov.     5 

+   .053 

-   .001 

-   .036 

.18.-! 

2(i 

-   .015 

.059 

.085 

.141      [ 

Dec.    15 

.084 

.114 

.129 

.085 

35 

-0.147 

-0.150 

-0.160 

-0.017 

From  the  above  tables  it  will  be  seen  that  the  period  of 
the  insignificant  variations  which  have  prevailed  -lUiring 
the  last  year  and  a  half  is  now  ended,  and  that  we  are 
entering  upon  the  epoch  of  increasing  amplitudes  indicated 
by  the  law  as  announced  three  years  ago  (^A.J.  277),  and 
described  in  A.-T.  .'!07,  p.  162. 


Cnnhrkhjf,  1895  Nov.  23. 
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RELATIVE 


oiiSKinni)   Willi  TiiK  2l'i-lN('ii    i;i:i' i;.\(  •fill: 


11-    111 


The  following  iiicasure.s  arc  a  coiitiuuatidii  (if 
vatious  of  the  satellites  of   Sutiivn  given  in  ./../.  i 
angles  given  are  each  the  mean  of  twci  cdiiqiaris 
distanees  were  obtained  I'rmu  measures  ol'  dduhle 
Corrections  have  been  applied  for  refraction. 


IS'.U 

Mar.  I  I 
I '.I 
21 

23 
2(5 
27 

;;(» 

G 

14 

1C. 


Apr. 


ilav 


June 


2,s 

29 

30 

3 

9 

15 

Ifi 

17 

3 

4 

14 
15 


Kasteiii  'I'iiiK' 


1(i 
11 
13 
12 


17 


;>  2.S 


G 


41 

11  20  14 

10  12  43 

11  24  32 
10  7  20 
10  38  23 

10  37  40 

11  19  36 
13  22  3 


10  42 
14  55 


30 
0 


15  12  30 


21 
35 


14  12 
14  28 
10  30  47 
10  4fi  39 
9  16  41 

12  52  15 

13  3  47 

12  47  36 

13  1     1 
8  29  51 

8  42  40 

9  13  39 
9  32  23 

10  0  34 
10  19  8 
12  38  56 
12  53  13 

8  55  9 

9  2  58 
10  24  51 
10  41  40 

9  17  31 

9  25  11 

12  6  57 

12  22  8 

9  50  33 

10  15  37 

8  28  59 

8  48  47 

12  0  35 

12  24  49 

10  17  20 


1> 

101°.  10 

81.28 

318. 6S 

342.2 1 

268.30 

244.57 

75.07 

48.59 

254.68 

256.25 

187.90 

205.28 

267.S1 

224.45 
252.65 
253.95 

271.65 
271.05 
181.18 
188.54 
284.99 

56.22 

58.36 

110.76 

112.10 

259.74 

260.26 

277.71 

278.24 

56.95 

59.83 

37.41 

41.69 

269.52 

267.68 

58.55 

61.19 

103.24 

102.78 

104.76 

105.72 

332.53 

345.38 

102.81 

103.58 

114.62 

117.20 

22.42 


Eastern  'rinn' 

h    111    s 


12  3(;  45 
12  4:!  45 
47  -M 
4  7 
32  27 
37  29 
10  14  26 
10  30  0 
10  oQ   12 


12 
12 
10 
11 


II 


i;!  41 

13  47 
10  51  5 
10  54  18 
15  0  28 
15  7  30 

14  20  13 
14  22  14 
10  39  40 
10  41  1 

9  25  16 
9  27  26 

12  59  12 

13  0  11 
12  53  39 
12  55  21 

8  36  39 

8  37  29 

9  20  13 
9  23  21 

10  6  55 
10  10  36 
12  45  36 
12  49  11 

8  58  27 

9  0  21 
10  32  5 
10  35  5 

9  20  33 

9  22  45 

12  12  25 

12  14  21 

10  2  53 

10  8  47 

8  39  29 

8  43  51 

12  14  40 

12  17  26 

10  26  40 


ONS  OF   TETHYS  AND 

DIONE 

1 

V.    I.KA.N'DKH 

Ml  COKMICK 

01!SKIiV.\r()UV    ()!• 

TIIK    INIVK 

tsrrv  (II-  VII! 

UNIA, 

lis    OUMOND   STONE. 

tiie  obser- 
•!50.     The 

l.S»4 

Eastern  Time 
10  33  21 

1\               1 

28.34 

ia.steni  Tiiiie 

h       111       8 

10  28  54 

.S 

6.15 

sons  ;  the 
distances. 

June  22 

mil.'. 
Jan.   .'!  1 

11    17 
11  30 

9 
29 

41.22 
44.16 

U   22  52 
1 1   25  45 
17  34  44 

6.60 

6.78 

35.58 

Feb.    19 

16  35 

55 

125.34 

U)  50  32 

35.13 

U\  42 

0 

126.85 

16  55  27 

34.45 

11 

17  16 

42 

132.31 

17     1  17 

33.95 

17  22 

2 

132.14 

17     8  12 

33.29 

21 

15  30 

1 

308.42 

15  44  46 

9.47 

25.(;o 

15  36 

34 

307.90 

15  49  32 

9.07 

24.77 

16  10 

52 

309.78 

15  58     9 

9.36 

15.20 

16  17 

4 

312.22 

16     2     9 

9.58 

51.78 

16  22 

33 

311  14 

IS  .■;(;  20 

9.20 

73.83 

18  24 

48 

325.71 

1  5.06 

18  29 

26 

327.68 

57.32 

Apr.      5 

13  11 

24 

243.37 

13  25  31 

22.03 

59.09 

13  15 

51 

244.55 

13  3(1  40 

22.25 

24.73 

13  50 

46 

246.78 

13  38  31 

23.13 

13  57 

23 

246.95 

13  42  11 

22.88 

101.42 

15  31 

56 

252.91 

101.44 

10 

13  57 

12 

85.52 

14     9  50 

26.30 

10.54 

14  47 

5 

86.47 

15     9  58 

25.48 

10.27 

14  51 

18 

86.43 

15  16  50 

25.06 

14.59 

11 

13  31 

42 

274.34 

13  49  37 

30.46 

14.49 

14     3 

34 

274.90 

13  54  12 

30.37 

30.22 

13 

14  21 

51 

256.60 

14  37  51 

84.05 

30.10 

14  44  37 

84.86 

18.39 

14  53  22 

85.86 

17.91 

15 

11   30 

8 

141.17 

27.05 

17 

13     3 

51 

345.47 

13  15  31 

8.(59 

26.87 

13     6 

39 

345.89 

13  18  39 

8.88 

8.75 

13     9 

12 

346.11 

13  22  11 

8.67 

8.83 

13  32 

55 

351.40 

13  23  43 

8.74 

32.13 

13  34 

48 

351.58 

*                     • 

31.98 

13  37 

10 

352.33 

.     .     . 

, 

73.91 

13  40 

51 

352.05 

74.37 

23 

12  31 

30 

79.74 

12  56     5 

20.46 

71.72 

12  35 

20 

79.54 

13     1  31 

20.90 

71.56 

May      4 

10  22 

42 

120.51 

10  30  44 

23.95 

36.28 

10  39 

34 

122.72 

10  34  59 

23.53 

36.46 

18 

9  37 

11 

90.61 

9  43  54 

46.07 

12.47 

9  55 

20 

91.41 

9  48  59 

46.03 

13.01 

'>'> 

9  36 

36 

340.79 

9  48  45 

17.28 

13.48 

10     9 

23 

352.90 

9  49     6 

17.28 

13.28 

10  13 

48 

354.79 

9  58  27 

16.75 

24.41 

10  18 

17 

356.55 

9  58  33 

17.05 

24.95 

12  25 

25 

38.51 

12  38  10 

20.11 

12.88 

12  29 

26 

39.49 

12  40  23 

20.18 

11.88 

12  48  13 

20.62 

8.12 

12  50  46 

20.57 

7.97 

2\) 

8  59 

2 

222.83 

,           , 

20.89 

9     3 

59 

222^77 

20.41 

9  38 

16 

227.09 

44.45 

9  41 

58 

226.74 

44.18 

June    2 

11  32 

2 

321.14 

, 

26.80 

11  36 

55 

322.50 

26.27 

12     8 

39 

331 .35 

(;.oi 

3 

9     8 

37 

101.34 

, 
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LATITUDE-DETERMINATION  AT  THE   SAYRE   OBSERVATORY, 


Uv  C.    I,.   DOOl.ITTI.K. 

(Conliniieil  fiom  >'o.  :!40,  imgo  -27,  of  tins  .louinal.) 

y  =  40°  ao'  20"  + 


1894-5 

I 

Olis. 

11 

Obs. 

1895 

II 

Obs. 

HI 

9 

Obs. 

1895 

III 

Obs. 

IV 

Obs. 

Dec.  23 

3.30 

9 

tl 

Ajuil    1(1 

3.20 

10 

.hilv      '.1 

3.03 

9 

2.94 

10 

27 

3.38 

10 

1  1 

3.15 

10 

1(1 

.•"..03 

9 

3. 1 2 

7 

28 

3.29 

t 

11 

3.44 

10 

k; 

3.11 

7 

2.98 

10 

31 

3.40 

10 

1.'. 

3.40 

3 

18 

2.94 

9 

2.98 

11 

Jan.      1 

3.32 

10 

IS 

3.26 

10 

19 

2.82 

9 

2.99 

11 

4 

3.18 

9 

III 

3.25 

9 

25 

3.03 

9 

2.95 

10 

11 

3.20 

10 

20 

3.12 

10 

26 

2.91 

8 

3.00 

9 

14 

3.11 

7 

21 

3.19 

10 

28 

2.91 

9 

3.10 

11 

16 

3.18 

10 

2.'! 

3.32 

10 

29 

2.72 

1 

3.09 

11 

19 

3.20 

10 

]\lav      1 

2.99 

10 

30 

2.82 

9 

23 

3.42 

.10 

."> 

3.07 

9 

31 

2.76 

9 

2.98 

10 

24 

3.33 

10 

•3 

3.20 

9 

Aug.     3 

2.94 

9 

27 

3.34 

10 

3.27 

8 

9 

2.99 

10 

3.02 

9 

5 

2.71 

7 

L".l 

3.33 

2 

1(1 

3.04 

9 

7 

2.87 

9 

3.23 

8 

31 

3.40 

10 

3.43 

8 

12 

2.72 

2 

8 

2.95 

9 

Feb.     2 

3.33 

10 

3.17 

8 

13 

2.99 

9 

10 

2.92 

9 

2.93 

11 

Ma  roll     3 

3.40 

10 

16 

3.11 

9 

3.08 

8 

12 

2.92 

9 

i) 

3.56 

7 

IS 

3.10 

10 

3.24 

6 

13 

2.98 

11 

6 

3.09 

3 

22 

2.79 

10 

3.21 

9 

15 

2.88 

9 

2.95 

10 

9 

3.42 

10 

23 

2.87 

10 

3.21 

9 

18 

2.87 

9 

2.97 

5 

10 

3.21 

5 

28 

3.23 

10 

3.00 

9 

19 

2.95 

8 

2.99 

10 

14 

2.9o 

3 

29 

2.92 

10 

3.17 

9 

IC, 

3.27 

10 

30 

3.05 

10 

3.24 

9 

17 

3.18 

8 

3-27 

10 

June     7 

2.86 

10 

3.09 

9 

18 

3.40 

7 

3.37 

9 

S 

2.88 

10 

3.16 

9 

19 

3.33 

8 

9 

2.96 

10 

.3.01 

8 

21 

3.17 

6 

2.96 

10 

11 

3.03 

10 

3.11 

9 

22 

! 

3.27 

9 

14 

3.01 

9 

23 

3.34 

5 

3.19 

10 

23 

•>  <)2 

10 

••5.13 

9 

28 

2.86 

9 

28     , 
29 

2.66 
2.80 

5 
3 

216 

91 

267 

121 

172 

155 

I 

Obs. 

II 

Obs. 

III 

Obs. 

IV 

Obs. 

Mean 

Dec.  25-Jan.  24 
Jan.  27-reb.    2 
Mar.    3-Mar.28 
Apr.  10-May    3 
May    6-May  29 
:May  30-Jane29 
July    9-July29 
July  30-Aug.l9 

3.2 
3.3 
3.3 

■ 

8 
5, 
1' 

L 
5 

r 

1 

12 
32 
72 

3.240 
3.171 
3.208 
3.013 
2.933 

24 

67 

101 

89 

77 

It 

3.118 
3.124 
2.947 
2.874 

68 
53 
76 
96 

3.015 
2.999 

m 

Go 

3.281 
3.322 
3.244 
3. 208 
3.066 
3.028 
2.981 
2.936 

The  interval  from  February  2  to  Marcli  3  was  occasioned 
by  illness  on  my  part.     This  ends  my  latitude-scrips  at  the 

Ph\J,„lA,,hm,  Fa.,  1895  A"o, 


Say  re  Observatory,  but  I  hope  soon  to  resume  this  work  at 
the  Flower  Observatory  of  the  University  of  Pennsylvania. 


20. 


NOTES  ON  VARIABLE   STARS, 

By  JOJI.N    M.  THOME. 


In  ZS'o.  352  of  this  Journal,  Prof.  Paul  has  recorded  some 
observations  of  southern  variables,  and  has  asked  me   to 


supplement  them  witli  additional  data  from   tlio  original 
records  of  our  DM.,  which  I  am  very  glad  to  do. 


NO-  3C0 
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The  star  5511  ES  Librae,  though  not  in  our  Vol.  XVI, 
curiously  euough  turii.s  up  in  the  original  maniiscvipt  with 
three  observations.  Its  omission  from  the  catalogue  was 
owing  to  a  not  uncommon  mistake  in  assuming  tliat  beeaiise 
a  note  is  perfectly  clear  to  liini  who  makes  it,  it  will  there- 
fore be  equally  far-reaching  to  everyone  else  at  any  future 
eitocli.  Tlie  region  was  first  passed  over  1886  May  7,  at 
which  time  the  star  was  not  seen,  which  means  that  it  was 
fainter  than  10»'.  But  1887  April  17,  it  was  noted  as  8f". 
As  this  gave  only  one  position,  and  apparently  only  one 
magnitude,  a  pencil  line  was  drawn  through  the  position  to 
indicate  tliat  it  was  not  to  be  accepted  until  confirmed  by  a 
revision.  This  occurred  1891  Aug.  29,  when  a  note  was 
made  saj'ing  "a  star  here,  10th  mag.,"  but  the  pencil  line 
was  not  erased  !  The  star  has,  therefore,  this  tardy  justice 
done  to  it,  and  will  hereafter  appear  as  —  22°10973i,  the  i^ 
being  not  inapproi)riate  under  the  circumstances.  Our  ob- 
served place  was  15"  17'"  20%  22°  27'.7. 

7255.     JiT  Sai/iff<ir!!. 
The  faint  companion,  of  which  Prof.  Paul  makes  men- 
tion, was  not  noted  by  us,  and  our  estimates  of  magnitude 
all  refer  to  the  star  —  39°13722.     These  were:  1890  Aug.  6, 
9l->';  Aug.  10,  10". 


7404.     R  Mirroseojni. 

Our  fistiniates  were:      1887  June  13,  1<)'';  July  IS,  9;;". 

There  is  still  aniitln'r,  and,  I  am  sorry  to  say,  a  fictitious 
star  in  the  DM.  catalogue  to  which  I  wish  to  call  attention 
before  any  more  time  is  wasted  upon  it.  It  was  not  in- 
tended that  tlie  place  should  be  published,  but  its  formi- 
dable magnitiide  probaljly  carried  the  day  when  the  collecting 
was  done.  It  is  tlie  star  -2r)°126()l,  7". 3,  17'' 54'"  36".0, 
—  25°  19'.0.  Nothing  was  seen  in  tliis  i)lace  during  the 
original  zones,  but  on  the  revision,  in  1891,  a  great  "  vari- 
able,—orange"'  appeared,  and  its  place  was  at  once  de- 
termined from  the  surrounding  stars.  I  have  never  seen 
anything  there  since,  and  am  inclined  to  think  that  what  I 
really  looked  at  was  — 24°13736,  which  is  also  colored, 
and  of  the  same  brightness.  But  as  we  always  carefull}'- 
checked  up  our  configurations,  I  am  unable  to  explain  how 
such  a  mistake  could  have  hajiiiened.  The  only  other  ex- 
planation is  that  I  saw  a  planet. 

I  regret  that  I  have  not  been  aljle  to  obtain  new  estimates 
for  these  stars,  but  tlie  weather  has  been  so  outrageously 
bad  for  the  past  four  months  that  we  have  drifted  hope- 
lessly behind  in  our  current  work.  The  clear  skies  of 
Cordoba  seem  really  to  be  vanishing. 


OBSERVATIONS  OF  MINOR   PLANETS, 

MADE    AT   THE    DUDLEY   OISSEKV ATOK V, 

By  a.  jay   ROY. 


No. 
Comp. 

Planet— J)c 

Planet's 

apparent 

logpA 

1803  Albany  JI.T. 

* 

J«                     Jo 

1/. 

0 

for  a            for  8 

(349)  Dembowskc 

I. 

m      s 

f             II 

h        111        s 

D           / 

II 

May     6 

10  37  53 

16 

8 

+  0  36.10 

+   1     2.2 

15  38  42.09 

-24     2 

58.8 

«9.383 

0.888 

f 

10  30  20 

16 

8 

-0  16.74 

+   1  24.7 

15  37  49.27 

-24     2 

36.3 

»9.391 

0.888 

13 

12  34  43 

17 

o 

-2  46.11 

+   5     1.0 

15  32  17.94 

-23  58 

50.4 

8.782 

0.907 

IS 

11  43     3 

18 

5 

+  2  20.19 

-  2     7.5 

15  27  42.6(! 

-23  53 

56.9 

7.556 

0.908 

22 

12     5  46 

19 

6 

-0     5.60 

+  3  51.7 

15  24     1.84 

-23  49 

1.1 

8.957 

0.905 

(49)  Fairs. 

Aug.  30 

9     1  57 

20 

6 

-0  22.72 

+  10  37.5 

22  55  50.58 

-   2  27 

2.6 

?i9.519 

0.788 

Sept.    1 

10  56     0 

20 

6 

-1  58.56 

+   3     9.5 

22  54  14.78 

-   2  34 

30.3 

«9.140 

0.795 

8 

8  24     7 

21 

6 

-4     2.10 

-  3  56.9 

22  48  52.67 

-  3     1 

0.3 

»9.512 

0.791 

10 

8  13  56 

22 

10  ,  8 

+0     1.36 

+   1  43.4 

22  47  20.12 

-  3     8 

58.5 

/i9.513 

0.792 

Mean  Places  for  1895.0  of  Comparison- Stars. 

Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

16 

h        111         s 

15  38     3.35 

f  +2.64 
'(  +2.66 

0          /             II 

-24     3  44.8 

It 
-16.2 

Gould  21325,  Albany,  2  obs. 

etc. 

17 

15  35     1.29 

+  2.76 

-24     3  34.6 

-16.8 

Gould  21248,  etc. 

18 

15  25  19.69 

+  2.78 

-23  51  32.0 

-17.4 

(iould  21028,  etc. 

19 

15  24     4.64 

+  2.80 

-23  52  35.3 

-17.5 

Gould  20997,  etc. 

20 

22  56     9.61 

(  +3.69 
\  +3.71 

-  2  38     0.0 

S  +19.9 
\  +20.2 

Munich  I,  31905 

21 

22  52  51.03 

+  3.74 

-  2  57  23.8 

+  20.4 

Karlsruhe,  etc. 

22 

22  47  15.00 

+3.76 

-   3  11     2.1 

+  20.2 

Karlsruhe 

Star  16,  adopted  p.m.,  — O«.O094,  — 0".022. 
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M.  Kiiiiiunx  lsli:..() 


COMPARTSOX-STARS   FOR   THE   C0:MET  e  1804  [Swifd, 

Uv   1!.   11.  TUlKKl!. 

The  stars  used  by  Prof.  HAitNAiti),  for  his  observations 
of  January  (A.J.oSS),  liave  been  obst'i-ved  witli  the  meridian 
circle. 

Since  these  observations  were  tlie  latest  made  of  tliis 
comet,  and  will  be  especially  useful  for  the  question  of 
identity  of  the  orbit,  the  [daces  of  the  stars  are  of  impoi"- 
tance. 

Lirk  Ol>.ierr,rfori/.  Mt.  Hnmiltn,,,  ISH.".  (htohiT  2't. 


yuvi 


\\           III            s 

1   V.i  i-ilt.lO 

0         ;         c 

+  7  50  35.1 

•^1 

1    17  'I'l.X-l 

+  ,s  11    19.!) 

s 

1  IS    ."i.ie 

+  .S  :{!  45.5 

9i 

1    '.'(1  .-.7.Si1 

+  S  .■;<)     4.S 

9 

KLEMENTS    AND    EPHEMEl^ 

15v  Ukv.  (;. 

I  have  comimted  the  folhiwiiiL;  clenifnts  oi  Comet  f  from 

the  observations   at    Mt.  Hamilton,  Nov.  IS. 01)08.  that  at 

Northfield,    Xov.  22.0051,    and    one    obtained    here    Nov. 

27.9383;  the  dates  are  given  in  Greenwich  M.T. 

T  =   Dec.  IS.L'470  (ircciiw.  M.T. 

01  =  271  27     (>  ) 

a    =  319  38  51  t  iS'.C.ii 
/  =   142  10  52  \ 

log, J  =   9.291725 
Middle  place  (0-C);     ./;.  =   +19",  J^  =  -5" 

These  elements  give  the  t'ollowinj;  coordinate  idrnndas  : 

r  =  [9.962753]/'  sin(c+  35  19  13) 
!/  ='  [9.997146]  r  sin  (r+ 128  10  21) 
v    =    [9.01 6097]  )•  sin  (('  +  232  51    40) 

and  tlie  following  eidiemeris  for  (ireenwiih  midnight: 


IS   OF  COMET  c  1895  {I'l-umyK), 

M.  SE.VULK. 


Date 

a 

1 

•) 

Idj;  ,i 

Uriirlil 

Dec.      2.5 

1 
11 

m 

;!5.l 

-   9 

48 

0.0268 

5,7 

4.5 

14 

47.4 

-12 

20 

9.9987 

7.S 

6.5 

15 

2.6 

-15 

16 

9.9701 

11.2 

8.5 

15 

21.7 

-18 

37 

9.9425 

l(i.4 

10.5 

15 

46.3 

—  22 

22 

9.9182 

24.8 

12.5 

16 

17.8 

-26 

i;; 

9.9014 

37.5 

14.5 

16 

56.S 

-29 

33 

9.89S1 

54,4 

10.5 

17 

39.9 

-:!! 

L'l 

9.9137 

(■>9.5 

1S.5 

IS 

1S.4 

-31 

10 

9.9479 

65.9 

20.5 

IS 

45.4 

-29 

20 

9.9908 

45.5 

•    22.5 

19 

O.L' 

-27 

5 

.  0.0318 

26.9 

24.5 

10 

9.;> 

-24 

56 

0.0673 

16.0 

26.5 

19 

15.1 

-23 

•J 

0.0974 

10.0 

28.5 

19 

19.0 

-21 

»>•> 

0.1234 

6.7 

As  is  evident,  the  comet  will  not  be  favorably  seen  in  tlie 
northern  hemisiihere  at  the  time  of  its  greatest  brightness  ; 
it  will,  however,  probablj'  be  a  conspicnous  object  in  south- 
ern latitudes.  The  unit  of  brightness  is  that  of  the  obser- 
vation of  Nov.  18.  used  for  the  elements. 


ELEMENTS    AND    EPIIEMEKIS   OF   (  OMET  c  18<».-,  ,// 7,a/.v;d, 

By  a.  O.  LEUSCUXEl!. 
The  following  elements  ami  ephemeris  were  deduced 
under  mj-  direction  from  the  first  three  ob.servations  secured 
at  Mount  Hamilton,  Nov.  18,  19,  20  (Greenw.  dates),  by 
the  students  in  the  course  of  Theoretical  Astronomy  (E.  F, 
Ross,  F.  G.  Kadelkixoek,  J.  C.  Fkruts,  J.  Kuxo  and  W. 
H.  'Wright,  Fellow  in  Mathematics), 

T  =   December  18.2695  (ireenw.  M.T. 

c        r        f 

i  =   141  55     1) 
Q,   =   .320     1  22  I  Mean  e.juino.v  1895.0 
(0  =  271  .57  38) 

\ogq  =  9.28845 


(0-C);     J§  =  -3".0,  JAcos/i  = 
Berkeley,  Cal.,  1895  Nov.  23. 


-4".5 


Ephemk 

KIS    KOK    GkEKNWK  il     -Mk 

Dale 

App.  a 

Ai)i>.S 

h       m       s 

0              1 

Nov.  20.5 

13  52  15 

-0     7.6 

21.5 

54  44 

-0  42.3 

•>•>    ■'. 

57  19 

-1    18.5 

23.5 

14     (t     2 

-1   56.6 

24.5 

L'   54 

-2  36.8 

25,5 

.5   ~u 

-3  19.4 

26.5 

9  14 

-4     4,7 

27,5 

12  45 

-4  52,9 

28.6 

16  33 

-5  44,5 

29,5 

20  40 

-6  39.5 

30.5 

25     7 

-7  38.5 

Dec.     1,5 

29  56 

-8  41.5 

2.5 

14  35  10 

-9  49.0 

lo" 


o.io'.n 


Hrightu. 
1.3 


.0SO4 


0.0278 


5.6 
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OBSERVATIONS   OF    COMET  cl895   {peiuune), 

M.\I)K  WITH   THE    12-I.NI  H    Kl^T  .\TOI!I.VI,   OK   TH  K    I.ICK    OliSKIlV  ATOKY, 

By  C.   I).   rKKlUNE  .\nii  K.  G.   .\ITKKN. 


1895  Jit.  Hamilton,  M.T. 

* 

No. 
(.'omp. 

./a 

-* 

.78 

^'s  iippiirent 

1          8 

log 

foro 

PA 

for  J 

h       m      8 

in       s 

1                ff 

ll           111          8 

o              /             If 

Nov.  17     16  41  36 

1 

7 

-9  34.5 

■ 

+  1  10  45.3 

0.725 

17     0  36 

1 

10 

-0  37.06 

13  46  41.80 

7(9.654 

.      .      . 

17  41  26 

•> 

7 

+  0  54.90 

13  46  45.08 

M9.625 

17  43     5 

•> 

7 

+  5     3.8 

+  1     9  32.7 

0.722 

18  ■  17  38  48 

.'» 

10,  9 

-2  33.90 

-2  41.9 

13  48   55.68 

+  0  38  52.3 

M9.620 

0.726 

19     17   17  12 

4 

10,10 

+  0  22.92 

+  0  14.3 

13  51  11.45 

+  0     7  15.1 

7i9.642 

0.727 

5 

10,  6 

-0  51.56 

-2  52.2 

13  51  10.51 

+  0     7  14.7 

.  .  . 

.  .  . 

Mean  Places  for  1S95.0  of  Comparison- Stars. 


* 

a 

Ueil.  to 
app.  place 

8 

Red.  to 
app.  place 

A  nthority 

h        m      8 

3 

O               1               It 

// 

1 

13  47  17.00 

+  1.86 

+  1  20  36.7 

-16.9 

Boss,  A.G.  Albiuiv  4807 

2 

13  45  48.31 

+  1.87 

+  1     4  45.8 

-16.9 

Boss,  A.G.  Albany  4804 

3 

13  51  27.70 

+  1.88 

+  0  41   51.1 

-16.9 

Boss,  A.G.  Albany  4829 

4 

13  50  46.64 

+  1.88 

+  0     7  17.7 

-16.9 

Riuiiker  4516,  Lamoiit  4210 

5 

13  52     0.18 

+  1.88 

+  0  10  23.8 

-16.9 

Itiuuker  4524,  Lamoiit  4218 

NOTE. 


The  observations  of  Nov.  1"  were  made  by  C.  D.  P.,  the  others  by 
R.  G.  A. 

A  series  of  ten  transits  of  stars  4  and  .")  over  the  same  micrometer 
(bread,  placed  in  the  meridian,  gives  the  difference  of  R.  A.  between  the 
two  stars  as  1'"  14-\60,  while  the  differences  between  the  mean  places 


for  189.5.0  are  Riimker  (1830)  1'"  18*.48,  Lamont  (1850)  1'"  13«.05. 
There  is  apparently  a  eonsideralile  relative  proper  motion  between 
the  tw'o  stars,  which  accounts  for  the  large  difference  in  the  comet's 
apparent  right-ascensions  given  above. 


OBSERVATIONS   OF   COMET  c  189.1  (perhine), 

MADE    AT   TIIK    WAsniU'KX    OBSERV.VTol: V.    .MADISON, 

By  GEORGE   C.  COMSTOCK. 


1895  Madison  M.T. 

* 

No. 
Comp. 

-* 

&^'s  apparent  . 
a           1              8 

log 

lor  a 

for  ,i 

ll        m       s 

Nov.  19     17  42  25.1 
23     17  39  36.8 
27     17  47  13.0 

1 

o 

3 

16,  5 

* 

IS,  4 

III         S 

+  0  12.71 
+  0  19.41 
+  2  55.58 

+  2  47.0 
+  3  30.7 
-1  37.5 

ll        in       s 

13  51     1.37 

14  14  33.90 

O            /             // 

+  0     9  49.6 
-5  17     5.8 

M9.582 
H9.579 
m9.568 

0.777 
0.785 
0.798 

Mean  Places  for  1895.0  of  Cor.ij)arison- Stars. 


* 

a 

Red.  to 
app.  place 

rv                        Red.  to 
o                     app.  place 

1 

Authority 

1 

2 
3 

h       m       s 

13  50  46.75 

14  1     2.0 
14  11  36.31 

+  L91 

+  1.96 
+  2.01 

o            1            « 

+  0     7  19.6 
-2  18.8 
-5  15  11.2 

-17.0 
-17.2 
-17.1 

Mtnichen  I.  Neue  Aniialen 
S.DM.  -2°3783 
Arg.  Gen.  Cat. 

*  Measures  of  position-angle  and  distance. 
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COMET  cL  185).")  {BHOOKS). 


Elemeuts  unil  an  ephemeiis  tor  tlii.s  comet  were  tele- 
graphed Nov.  26  from  the  University  of  Calitoiniii.  at 
Berkeley,  by  I'rof.  Lkisciixkk.  who  with  as:'=i.stante  of 
Messrs.  Fekkis  ami  Koss,  ha<l  eomimteil  them.  Tliey  were 
sent  to  Mr.  Ritchie,  and  immediately  distrilmliil  hy  him 
in  a  circular  of  the  "  Sfli'iifi'  Ol'xerrfr." 

El.KMKNT.S. 

T  =    1895  Oct.  21.21  S.TCrcciiw.  M. 'P. 

a  =  S3  1 

oj  =  298  59 
I-  =  76  43 
q   =  0.84594 


Jl,l»HKMi:i!l>     Ko 
180.^) 

!     liKKKN  WI(  1 
a 

1     .NUIIMC.I 

8 

Nov.   25.5 

h       111      K 

'.1  .•;9  3(1 

—    8   23 

29.5 

;i  21  47 

+    5  ;!1 

Dec.      3.5 

8  5(;  33 

+  23  12 

7.5 

S   19  .•!5 

+  1 1    2'.t 

Mr.  KnriiiK  has  sent  the  following  position,  observed 
by  Dr.  Wilson  at  Xorthtiekl,  Minn.,  and  telegraiihed  him 
by  Prof.  1'avnk.  Diicctor. 

(ireenw.  M.T.  "  8 

1895  Nov.  23.0152         9"  48'"  30'.3         -14"  59'  24" 


OBSERVATIONS   OF   COMET  d  189o   (Jirooks), 

MAUK   WITH  THE   12-lxcn   ki/i  .vtokiai.  of  thk   i.kk  ousekvaiouv. 
IJv  .1.  M.  SCn.VEl'.KUI.E  AMI  i;.  G.   .\ITKEN. 


1895  Mt.  Hamilton  M.T. 


* 


No. 
Comp. 


h        III       8 

Nov.  22     16  15  18 

23  16  12  12 

24  14  57     4 


1 
3 


6  .    (■) 

14.    3 

112,10 


Ja 


j8 


^'s  apparent 

I       s 


logpA 

for  a       1     for  d 


-2  48.G2 
-4  37.42 
-0  23.63 


+  3  36.6 
-3  32.2 
+  5  33.8 


h  111         8 

9  48  8.34 
9  44  53.92 
9  41  36.46 


-14  59  13.8 
-12  30  26.5 
-  9  56  46.3 


«,9.241 
«9.215 
M9.458 


0.836 
0.822 
0.795 


Obs, 


S 
■A 
A 


Mean  Places  for  1895.0  of  Comparison- Stars. 

* 

a 

Ked.  to 
app.  place 

8 

Ked.  to 
app.  place 

.Aii'hority 

1 

2 

3 

h        ill       8 

9  50  54.08 
9  49  28.37 
9  41  57.00 

+  2*88 
+  2.97 
+  .S.0<1 

0           '            " 

-15     2  46.9 
-12  26  49.9 
-lU     2  15.3 

-3.5 
-4.4 

-4.8 

1  (2  Oeltz.  Argel.  10222  +  W.B.  IX,  1054) 

Arg.  (ien.  Catal.  13493 

i  (Paris  12026  +Arg.  Gen.  Catal.  13311) 
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no.  203,  Fompeia  =  BV,  Wolf,  1895  Mar.  15     .    .    .  48,  04,  88 

"    318,  Magdalena,  Ch.\rlois,  1891  Sept.  24 64 

"    319,  Leona,  Chaulois,  1891  Oct.  8 64 

"    330,  1892  X,  Wolf,  1892  Mar.  18 176 

"    331,  Etheridyea,  Charlois,  1892  Apr.  1      64 

"    333,  iJadetim,  i?,S',  Wolf,  1895  Feb.  25 40,88 

"    336,  iricadjem,  C^,  Charlois,   1895  July  23,  and  1892 

Sept.  19      64,  128,  183 

"    369,  Aeria,  BJ,  Charlois,  1894  Nov.  24 30,  88 

"    379,  iJi?,  Wolf,  1895  Feb.  25 40,88 

"    384,  Burdigala,  Courty,  Feb.  11 64 

BD.   Wolf,  Nov.  1 88 

"    391,  BE,  AVolf,  Nov.  1 88 

"    392,  BF,    Wilhelmina,  Wolf,  Nov.  4 88 

"    393,  BG,   Wolf,  Nov.  4 88 

"    394,  BU,  BoRUELLY,  Nov.  19 88 

"    395,  BJC,  Charlois,  Nov.  30 88 

"   396,  BL,   Charlois,  Dec.  1 88 

"    397,  J5il/,  Charlois,  Dec.  19 88 

"    398,  BN,  Charlois,  Dec.  28 30,  88 

"  BO,   KoBERTS,  Apr.  9 88 

"    399,  £P,   Wolf,  1895  Feb.  23 40,88 

BQ,    Wolf,  Feb.  23 40,88 

"    iOO,  BU,  Charlois.  Mar.  15 48,88 

"    401,  BT,   Ottilia,  Wolf,  Mar.  16 48,  88 

"    402,  J51F,  Charlois,  Mar.  21 48,88,176,183 

"    403,  BX,  Charlois,  May  13 88,  176,  1S3 

"    404,  Cr,   Charlois,  June  20 176,183 

"    405,  BZ,    Charlois,  July  23 128,183 

"    406,  CB,   Charlois,  Aug.  23 144,  183 

"    407,  CC,   Wolf,  Oct.  13 183,  184 

CD,   Wolf,  Oct.  13 183,  184 

Observations  of  no.      6,  Hebe,  by  Frisby 90 

"     ' "   King 88 

"  "     "        "     '■        "    Ogburn Ill 


Asteroids. 

Observations  of  no. 


6, 
11, 
14, 
16, 
26, 
28, 
49, 
52, 
58, 
64, 
76, 
82, 
84, 
86, 


90, 

95, 

103, 

113, 

119, 
121, 
130, 

133, 
134, 
148, 
162, 

171, 
175, 

176, 
190, 

225, 

241, 

287, 


303, 

306, 
313, 
329, 
331, 
349, 


Hebe,  by  Skinner 88 

Parthenope,  by  Frisby   ....  90 

Irene,  by  Roy 46 

Psyche,  by  Townley 63 

Proserpina,  by  Frisby   ....  89 

Bellona,  hyFiusBY 90 

Pales,  by  l{OY 197 

Europa,  by  Roy 46 

Concordia,  by  Frisby     ....  90 

Angelina,  by  Roy 46 

Freia,  by  Roy 46 

Alkmene,  by  Isham 175 

Clio,  by  Isham 22 

Seme.le,  liy  Roy 134 

Sylvia,  by  FitiSBY 89 

•'    Roy 46 

Aniiope,  by  Ogburn 36 

Arethiisa,  by  Frisby 89 

Hera,  by  Boss 17 

Amalthea,  by  Isham 22 

"  Ogburn     ....  36 

Althaea,  by  Frisby 89 

Hermione,  by  Roy 47 

Electra,  by  Eichklbbrger   .   .  99 

"   Roy 134 

Cyrene,  by  Ogburn 36 

Sophrosyne,  by  Frisby  ....  89 

(iallia,  by  Roy      46 

Laurentia,  hy '&06S 17 

"   Roy 46 

Ophelia,  by  Ogburn 150 

Andromache,  by  Boss     ....  17 
"   IsiiAM    ...  22,  40 

Idnnna,  by  Roy 47 

Ismene,  by  Frisby       89 

"         "   Roy 47 

Henrietta,  by  Isham 175 

"          "  Ogburn    ....  150 

Germania,  by  Frisby 89 

Nephlhys,  by  Eichelbergbr    .  99 

"             "   Isham 175 

"           "   Ogburn    ....  Ill 

Josephina,  by  Ogburn   ....  36 

Unitas,  by  Isham 175 

Chaldaea,  by  Boss 17 

Sven,  by  Roy 47 

Etheridgea,  by  Ogburn     ...  36 

Dembowska,  by  Isham    ....  175 

"   Roy 197 

(201) 
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,        ON   A  NEW  DETE  R:\riNATION   OF   THE   CONSTANT  OF  NUTATION, 

V.Y  S.  C.  CHANDLER. 


*  Tlie  constant  of  lunar  nutaticm  Imlds  an  important 
place  among  the  fundamental  astronnniieal  constants  -vvliicli 
stand  in  need  of  revision.  W^iile,  on  the  one  hand,  its 
determination  is  not  subject  to  some  of  the  difticulties 
which  imi)ede  us  in  the  case  of  the  constant  of  aberration, 
due  to  complication  with  the  variations  of  latitude  of  short 
period,  and  to  subjective  sources  of  error  having  an  annual 
period,  there  are,  on  the  othei  hand,  sources  of  error  to  be 
feared  from  which  many  former  determinations  of  it  have 
not  been  entirely  protected.  Thus,  if  the  angle  between 
the  pole  and  the  zenith  be  subject,  as  there  is  convincing 
reason  to  believe,  to  slow  changes,  either  strictly  or  irreg- 
ularly systenmtic,  covering  long  periods  of  years,  the 
observed  dimensions  of  the  nutation-ellipse  will  be  vitiated 
in  a  manner  analogous  to  that  in  which  the  aberration  is 
affected  by  the  known  variations  of  short  period.  Other 
causes,  now  unknown,  may  have  a  siuiilar  disturbing  in- 
fluence. We  must,  therefore,  in  future,  place  propior- 
tiouately  greater  reliance  upon  determinations  of  the  nuta- 
tion of  which  we  can  say,  with  some  confidence,  that  they 
must  be  free  from  possible  errors  of  this  sort.  The  most 
obvious  and  satisfactory  means  of  obtaining  this  security 
is  to  base  the  determinations  upon  a  very  considerable 
number  of  stars  distributed  as  uniformly  as  practicable  over 
the  entire  sky.  This  condition  is  met  as  well  as  can  be 
desired,  so  far  as  the  northern  hemisphere  is  concerned,  by 
the  observations  with  the  Greenwich  Mural  Circles.  Not 
only  in  this  respect,  but  also  by  their  high  quality,  as 
demonstrated  in  previous  papers  in  this  Journal,  as  well  as 
by  their  great  number,  they  provide  an  almost  ideal  basis 
for  a  precise  determination  of  the  nutation.  The  object  of 
this  paper  is  to  give  the  results  of  their  discussion  to  ob- 
tain this  constant. 

The  investigation  has  been  made  by  the  aid  of  an  appro- 
priation for  the  purpose,  kindly  made  by  the  Trustees  of 
the  Bache  Fund  of  the  National  Academy  of  Sciences,  to 
whom  I  desire  to  express  my  thankful  acknowledgements. 
'J'liis  has  enabled  me  to  employ  the  skilful  service  of  Miss 
V.  G.  Wentwokth,  who  has  been  engaged  with  me  in  simi- 
lar work  for  some  years,  and  who  has  become  especially 
accomphshed  in  this  kind  of  computation. 


The  discussion  rests  upon  20  294  observaticjus  with  the 
Mural  Circles  of  Tkoughton  and  Jonks,  between  1825 
April  1,  and  1848  May  10.  The  observations  from  the 
last  date  to  the  end  of  1850  were  not  used,  —  the  remounting 
of  the  Tkoucu'I'on  Circle  in  a  different  location  and  under 
different  conditions  apparently  destroying  the  necessary 
continuity  and  homogeneity  of  the  series.  At  each  culmi- 
nation, every  star  employed  was  observed  Ijoth  directly  and 
by  reflection,  and  six  microscopes  were  invariably  read  in 
each  of  the  pair  of  observations.  We  thus  have  10147 
observed  double-altitudes  of  the  34  stars,  distributed  as 
shown  in  Table  I.  For  everj'  one  of  these  stars  the  obser- 
vations cover  practically  the  whole  interval,  which  embraces 
nearly  one  and  a  third  draconitic  periods.  .Since  the  index- 
errors  of  both  circles  are  necessarily  eliminated,  each  of 
these  10147  observed  declinations  is  independent  of  every 
other.  Neither  of  the  telescopes  was  shifted  in  its  relation 
to  its  circle  during  the  whole  time,  in  which  it  was  used,  — 
a  circumstance  of  great  value  for  a  differential  investiga- 
tion like  the  present.  The  reduction  of  the  observations 
has  been  fully  described  in  A.J.,  313,  315,  320,  and  a  refer- 
ence to  those  papers  will  save  repetition  here.  Since  the 
declinations  which  I  originally  obtained,  as  there  described, 
were  found  by  the  use  of  different  ijrovisional  values  of 
the  mean  latitude  for  the  Pond  and  Airy  series,  — namely, 
vl"  28'  38".27  and  51°  28'  38".37,  respectively,  - 1  have 
now  reduced  them  to  the  idtimately  adopted  value,  51°  28' 
38".42,  determined  from  tlie  p)olar  stars  observed  at  both 
culminations  as  follows : 


Ko. 

obs. 

Star 

Dates 

Vu 

U.C. 

L.C. 

Polaris 

1825-30 

38.36 

252 

2(17 

I'o/aris 

1831-35 

38.64 

65 

50 

Polar  Is 

1836-38 

38.40 

43 

72 

Polaris 

1839-43 

38.49 

75 

85 

Polaris 

1844-48 

38.45 

55 

6(» 

X  Vrsae  minoris 

1840-46 

38.35 

10 

8 

S  Ursae  minoris 

1836-47 

38.33 

83 

13 

51  H.  Cej^hel 

1837-46 

38.52 

13 

2'' 

£  Ursae  minoris 

1837-47 

38.55 

26 

12 

j5  Ursae  minoris 

1837-46 

38.18 

133 

19 

Adopted 

51°  28' 

38".42 

755 

548 

(1) 
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AVe  thus  liave  a  scries  of  deeliiiations  for  1S;>0.0.  lioiuo- 
geneously  ami  accurately  reduced,  with  the  I'ulkowa  jire- 
cession  and  nutation;  the  aberration-constant  20".500; 
Bos.s's  proper  motions;  Hessel's  refraction  ;  t';e  mean  lat- 
itude 51°  1'8'  3S".4L' ;  and  the  reduction  to  tlie  center  of  the 
instrument.  These  declinations  were  then  corrected  for 
the  latitude-variation,  hy  eq.  (oL'),  A.J.  322,  p.  74.  For  the 
formation  of  the  conditional  ccpiations  to  determine  the  nu- 
tation, the  results  were  combined  into  ten  or  twelve-day 
groups,  as  described  in  iios.  315  and  320,  pp.  17,  50.  In 
the  solutions  of  these  equations,  they  were  weighted  strictly 
according  to  the  numbers  of  the  observations  therein  con- 
taiiu'il.  ' 

The  equations  of  condition  for  finding  the  correction, .  /)•, 
to  1'kteus's  constant.  (»■  =  9".2235,)  were  taken  of  the  form 

.T  +  ////  +  r  Jr   =    8  —  S^ 
where  j-  is  the  correction  to  an  assumed  mean  value,  ^„,  of 
the   declination  of  each   star;  b  is  the  interval  of   time, 
reckoned  from  1825.0,  as  a  convenient  zero ;  ij  is  an  un- 
known  embracing  the   correction  to  the  assumed    proper 


motion,  as  well  as  any  element  which  may  possibly  affect 
the  observations,  varying  with  the  time  ;  and  r  is  tlie  co- 
efficient of  the  nutation-correction,  ascertained  as  follows: 

Using  only  those  terms  of  the  nutation  in  declination 
which  can  affect  the  second  decimal  in  the  desired  coeffi- 
cient, we  have,  from  Pkters's  values,  for  our  uu:iii  date, 

(V-5  =  -  (!".8()()6  cos«  sin  g^  +  0".22:}5  sin  «  cosj? 

—  0".5(>55  cos  a  siu20  +  0".551()  sin  «  cos  2  O 
I'utting,  according  to  tlif  known  tianst'ormation. 

/;  sill  (gi  +  /.')  =  0".8(;(;(;  sin  ^ 

hcoi^  {9,+ If)  =  <)".22;;5  cos  ft  ♦ 

fs\n(20  +  F)  =  0"..5055  sin  20 

/cos  (2© +  7'')  =  O".551Ocos20 

tV-,S   =    +;>sin[«-  (g2+7>')]      +/sin[«_(20  +  i'')] 
Tlicn  the  nutation-coefficient  may  be  found  from  '■  =  i\  +  r.,, 
where 

r,  =  -  sin[,(- (Si +Jl)y,  c.,  = --^  s\u[u -(2Q+F)] 

which  may  be  exiicditiously  comi)utcd  by  the  use  of  A\'akx- 
stokkk's  tables. 


T  A  ISLE 

1.      Co 

JKKCTIOXS    TC 

)  Pktkks'> 

XlTATIOX-CoXSTAXT,    /Jl 

* 

Name 

Approx. 

Obs. 

Probable  error  of 

J»' 

Jv 

Coeif. 

Av 

wt 

a 

d 

1  obs. 

Jv 

A 

A' 

B 

B' 

of  J|a' 

0 

C 

1 

u'Amlrom. 

h 
0.0 

o 

28.2 

240 

±0.45 

±0.051 



O.OdT 



0.088 

-0!029 

^— 

o!o81 

+  3."l 

-0.022 



1.071 

.■!8 

•> 

Y  Pctjusi 

0.1 

14.2 

123 

.43 

.073 

+ 

.113 

+ 

.071 

+   .099 

+ 

.052 

+  2.2 

+   .098 

+ 

.o.-.T 

19 

3 

It  Cassiopette 

0.5 

o.lG 

204 

.62 

.119 

— 

.241 

— 

.333 

-  .255 



.353 

+  1.'3 

-  .254 

— 

.352 

7 

4 

a  Urs.  lit  in. 

1.0 

88.4 

969 

.49 

.036 

— 

.088 

— 

.094 

-   .092 



.098 

+  0.3 

—  .092 

— 

.098 

77 

5 

a  Arid  its 

1.9 

22.7 

225 

.64 

.094 

+ 

.169 

+ 

.124 

+  .192 

+ 

.134 

+  2.3 

+  .191 

-(- 

.133 

11 

6 

rt  Taiiri 

4.4 

16.2 

245 

.58 

.081 

+ 

.150 

+ 

.061 

+   .084 

+ 

.06# 

-4.7 

+  .100 

+ 

.081 

16 

7 

a  Aurigac 

5.1 

45.8 

308 

.57 

.052 

— 

.103 

— 

.141 

-  .135 



.137 

-3.6 

-   .149 



.15] 

37 

S 

p'  I'uiiri 

5.3 

28.5 

179 

.49 

.080 

— 

.006 

— 

.061 

-  .173 



.152 

-5.7 

-  .191 



.170 

16 

9 

a  Orion  is 

5.8 

7.4 

145 

.54 

.099 

— 

.142 

— 

.158 

-  .188 



.180 

-5.3 

-  .172 



.164 

10 

10 

ii'Geiiiinor. 

7.4 

.32.3 

258 

.48 

.059 

— 

.178 

— 

.179 

-   .195 



.156 

-4.4 

-   .220 



.181 

29 

12 

f{  Geiiiinor. 

7.0 

28.4 

285 

.56 

.060 

— 

.018 

+ 

.028 

-   .116 



.040 

-3.9 

-   .102 



.026 

27 

13 

u  Leon  is 

10.0 

12.8 

213 

.56 

.071 

+ 

.01.3 

+ 

.028 

-   .066 



.025 

-3.5 

-  .071 



.030 

20 

15 

a  Urs.  Maj. 

10.9 

G2.7 

298 

.58 

.0(iG 

— 

.164 



.115 

-   .148 



.090 

-2.7 

-   .135 



.077 

23 

IG 

8  Leon  is 

11.1 

21.5 

IGG 

.52 

.091 

+ 

.117 

+ 

.118 

+   .154 

+ 

.177 

-4.1 

+   .140 

+ 

.1(;3 

12 

17 

8  Urs.  Maj. 

12.1 

58.0 

160 

.46 

.074 

— 

.131 



.064 

-   .107 



.017 

-3.4 

-  .117 



.027 

18 

18 

a  Draronis 

14.0 

65.2 

199 

.45 

.062 

— 

.218 



.180 

-   .300 



.262 

+2.7 

-  .268 



.230 

24 

19 

a  Bootis 

14.1 

20.1 

471 

.48 

.045 

— 

.195 



.146 

-   .112 



.077 

+  3.4 

-  .103 



.068 

49 

20 

£  Boofi.i 

14.6 

27.8 

200 

.49 

.068 

— 

.014 

+ 

.018 

-   .014 

+ 

.015 

+  0.2 

-   .012 

+ 

.017 

22 

21    (i  Ur.i.mln. 

14.9 

74.8 

370 

.65 

.068 

— 

.072 

— 

.029 

-  .014 

+ 

.019 

+  4.9 

-   .020 

+ 

.013 

22 

22  «  Coi-onae  B. 

15.5 

27.3 

2S0 

.49 

.062 

+ 

.026 

+ 

.079 

+   .022 

+ 

.060 

+  2.7 

+   .022 

+ 

.060 

26 

23  a  Sevjientis 

1.-..G 

7.0 

193 

.57 

.098 

+ 

.016 

+ 

.018 

+   .044 

+ 

.035 

+  1.9 

+   .058 

+ 

.049 

10 

24   u  Herndis 

17.1 

14.G 

224 

.63 

.090 

+ 

.084 

+ 

.056 

+   .116 

+ 

.072 

+  4.0 

+   .117 

+ 

.073 

12 

25  «  OphincM 

17.5 

12.7 

289 

.53 

.066 

+ 

.121 

+ 

.128 

+   .206 

4- 

.195 

+  4.5 

+  .220 

+ 

.209 

23 

26  rt  Lyrae 

18.5 

38.6 

633 

.51 

.034 

+ 

.037 

+ 

.001 

+   .124 

+ 

.101 

+  4.0 

+   .134 

+ 

.111 

86 

27 

i^  Lyme 

18.7 

33.2 

326 

.51 

.057 

+ 

.025 

+ 

.022 

+  .078 

+ 

.044 

+  5.3 

+   .130 

+ 

.096 

30 

28 

t,  A'/iiilae 

19.0 

13.6 

255 

.52 

.070 

+ 

.188 

+ 

.157 

+   .116 

+ 

.075 

+  5.9 

+   .107 

+ 

.066 

20 

29 

8  Driiconis 

19.2 

67.4 

234 

.42 

.057 

— 

.005 

— 

.043 

-   .003 



.061 

+  5.0 

-   .021 



.079 

31 

30 

y  Aqiiilae 

19.6 

10.2 

203 

.63 

.088 

+ 

.248 

+ 

.217 

+   .172 

+ 

.081 

+3.9 

+  .161 

+ 

.070 

13 

31 

a  Aquilae 

19.7 

8.4 

547 

.5(; 

.063 



.031 



.039 

+   .055 



.016 

+  5.0 

+  .053 



.018 

25 

32^  ^A'jitilae 

19.8 

6.0 

210 

.  r>r> 

.075 

+ 

.019 

— 

.035 

+   .012 



.082 

+  4.2 

+  .021 



.073 

18 

33  «  Cif'jni 

20.6 

44.7 

616 

..">•! 

.041 

-1- 

.058 

+ 

.050 

-   .010 



.045 

+  5.6 

-  .002 



.037 

60 

34 

re  Cejjhei 

21.2 

G1.9    375 

.53 

.045 



.176 



.204 

-   .171 



.206 

+  1.4 

-   .159 



.194 

49 

35 

^  Ct-phei 

21.4 

69.8 

298 

.51 

.051 

+ 

.064 

+ 

.056 

+   .018 



.011 

+3.0 

+   .039 

+ 

.010 

38 

36 

a  Fer/asi 

22.9 

14.3 

206 

±0.56 

±0.073 

-0.072 

-0.066 

+  0.036 

-0.005 

+  4.3 

+   .043 

+  0.002 

19 

Jv 

. 

.  . 

.  .  . 

.      .      . 

-  ( i'0266 

-o!o336 

-o'0241 

-0!0340 

-o!oi92 

-0!'0291 

V 

• 

•  • 

•  • 

•  • 

.      .      . 

9.197 

9.190 

9.199 

9.190 

.  .  . 

9.204 

9  194 
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Taisle  II.     Mean  Declinations,  1830.0,  fkom  Greenwich  Mukal-Circle  Observations. 


* 

Name 

I'oND,  1S25-3.5 

Airy,  1836-48 

Kpoi'li 

Obs. 

8,  1830.0 

E|)(ich 

Obs. 

8, 1830.0 

1 

u  Aiulromedae 

1829.60 

195 

0       ;         '/ 

28     9     5.90 

1842.64 

45 

o            /            // 

28     9     5.85 

o 

y  Pc;/<i.t! 

29.59 

99 

14  14  17.22 

42.08 

24 

14  14  17.32 

3 

a  Ciissh>ii<'(tK 

27.S1 

91 

55  36  13.19 

43.02 

113 

65  36  13.49 

iU 

a  Urndc  mi  nor  is 

28.25 

317 

88  24     8.48  ■> 
88  24     8.47  \ 

41.65 

178 

88  24     8.55  | 

AL 

u  Invd'  miiwris 

27.70 

257 

41.35    ' 

217 

88  24     8.66  >" 

5 

a  Arictis 

28.9.3 

18(; 

22  39  16.14 

41.87 

39 

22  39  16.00 

() 

a  I'diiri 

28.79 

181 

16     9  35.90 

42.36 

64 

16     9  35.75 

7 

a  Aiirii/ite 

2S.;!7 

141 

45  48  53.86 

41.81 

167 

45  48  53.66 

8 

(5  Tiinri 

29.34 

135 

28  27  18.44 

41.39 

44 

28  27  18.05 

9 

a  Orldiiis 

28.55 

114 

7  22     3.(>6 

42.81 

31 

7  22     3.36 

10 

a-Guiiiinoncm 

29.12 

209 

32  15     9.25 

41.02 

49 

32  15     8.96 

12 

p'  Geiii.inorum, 

29.28 

216 

28  25  44.95 

41.49 

69 

28  25  44.66 

13 

a  Lconix 

28.04 

141 

12  47  41.06 

42.38 

72 

12  47  40.59 

15 

a  Ursae  Ma  juris 

27.68 

13(1 

62  40     0.18 

42.01 

168 

62  40     0.23 

IC) 

8  Leon  is 

27.89 

116 

21  27  13.48 

43.42 

50 

21  27  13.63 

17 

S  Ursae  Majoris 

27.45 

74 

57  58  39.76 

40.37 

86 

57  58  39.72 

18 

a  Dvaronis 

28.37 

134 

65  11  25.53 

41.40 

65 

65  11  26.09 

19 

a  Boot  is 

28.19 

288 

20     4  15.95 

41.71 

183 

20     4  15.69 

20 

e  Boot  is 

28.68 

148 

27  47  42.47 

42.37 

52 

27  47  42.47 

21 

^  Ursae  minor  is 

29.02 

194 

74  51     1.14 

41.32 

176 

74  51     1.03 

22 

a  Coroime 

28.29 

214 

27  17  30.19 

42.32 

dQ 

27  17  30.20 

23 

a  Si'rjif'ntis 

28.04 

169 

6  57  58.56 

41.62 

24 

6  57  58.30 

24 

a  Hcri'u/is 

28.80 

195 

14  35  25.94 

40.90 

29 

14  35  25.75 

25 

a  ijpliinrh i 

28.90 

219 

12  41  25.61 

42.76 

70 

12  41  25.19 

26 

a  Lijrac 

28.26 

292 

38  37  48.82 

40.88 

341 

38  37  48.56 

27 

/8  Lijrae 

28.66 

258 

33  10  13.29 

42.34 

68 

33  10  13.23 

28 

C  Aqitilae 

29.25 

205 

13  37     1.34 

41.92 

50 

13  37     1.40 

29 

S  Dvaronis 

29.51 

180 

67  21  45.56 

41.61 

54 

67  21  46.56 

30 

y  A(inilae 

30.65 

162 

10  12  17.88 

43.17 

41 

10  12  18.16 

31 

a  Aquilae 

28.47 

481 

8  25  32.19 

43.73 

66 

8  25  31.95 

32 

(if  Aipiilai' 

30.54 

104 

5  59  17.77 

43.04 

46 

5  59  17.73 

33 

a  Ci/z/ni 

27..32 

435 

44  40  35.18 

42.50 

181 

44  40  35.38 

34 

a  Ciqiliei 

29.62 

206 

61  52     2.66 

43.00 

169 

61  52     2.66 

35 

p'  Ci'phi-i 

29.51 

203 

69  48  56.01 

42.91 

95 

69  48  56.27 

3C> 

i(  Per/a  si 

1829.07 

161 

14  17  32.26 

41.67 

45 

14  17  32.05 

Takle  III.     Proper  Motions 


* 

Greenw.-Pond 
wt.  =  13 

Mad. -Airy 

wt.  =  S 

Pulk.  ('8.J-'45) 
wt.  =  9 

Mean 

* 

Greenw.-Pond 
wt.  =  13 

Mad.-Aiiy 

wt.  =  8 

Pulk.  (•8.5-4.5) 
wt.  =9 

Mean 

1 

-0."l64 

-0.173 

-0.158 

-0.1646 

20 

+0.014 

// 

+  0.025 

+  0.0185 

2 

-    .018 

-   .022 

-   .017 

-   .0188 

21 

+   .005 

—  0.002 

+   .005 

+    .0031 

3 

-   .047 

-   .034 

-   .034 

-    .0396 

■>') 

—   .092 

-   .106 

-   .105 

-   .0996 

4 

_ 

_ 

_ 

-^ 

23 

+   .038 

+   .043 

+   .044 

+   .0411 

6 

-   .153 

-   .153 

-   .150 

-   .1521 

24 

+   .025 

+   .028 

+   .028 

+   .0267 

6 

-   .193 

—   .208 

-   .187 

-   .1952 

25 

-   .242 

-   .230 

-   .226 

-   .2340 

7 

-   .441 

-   .432 

-   .414 

-   .•05 

26 

+   .271 

+   .278 

+   .278 

+   .2750 

8 

-   .175 

-   .186 

-   .174 

-   .1776 

27 

-   .012 

-   .008 

.000 

-   .0073 

9 

+   .007 

-   .007 

+   .012 

+   .0038 

28 

-   .106 

-   .113 

-   .096 

-   .1049 

10 

-   .068 

-   .089 

-   .065 

-   .0727 

29 

+   .080 

+   .081 

+   .085 

+   .0818 

12 

-   .063 

-   .057 

—   .062 

-   .0611 

30 

-   .014 

-   .021 

+   .002 

-   .0111 

13 

-   .002 

-   .006 

+   .010 

+   .0005 

31 

+   .358 

+   .371 

+   .385 

+   .3696 

15 

-   .075 

-   .074 

-   .064 

-   .0714 

32 

—   .490 

—   .492 

-   .484 

-   .4887 

16 

-   .134 

-   .151 

-   .136 

-   .1391 

33 

-   .013 

-   .004 

-   .001 

—   .0070 

17 

+   .011 

+  .010 

+   .016 

+   .0122 

34 

+   .044 

+   .054 

+   .057 

+   .0506 

18 

+  0.019 

+  0.013 

+  0.020 

+  0.0177 

35 

.000 

+   .010 

—   .001 

+   .0024 

19 

-1.999 

-2.000 

-1.990 

-1.9966 

3(; 

-0.0.-)0 

-0.040 

-0.054 

-0.0485 
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Table  I  gives  the  results  of  the  solution  of  the  equations 
so  obtained,  under  various  conditions,  which  will  be  under- 
stood by  the  folluwiny  explanation  of  its  contents. 

Colunui  8,  headed  .1,  contained  the  corrections  to  TKrEKs's 
nutation-constant  from  the  direct  solutions  of  the  sev- 
eral stars.  The  probable  errors  of  a  single  observation 
and  of  the  nutation-corrections  are  in  columns  (i  and  7  ; 
and  fi-om  the  latter  are  deduced  the  relative  weights  in  the 
last  column  of  the  table.  The  mean  value  of  the  nutation 
from  this  solution  is  1)".197. 

This  result  is  based  on  the  assumption  that,  after  elimi- 
nating the  terms  of  short  period  in  the  latitude-variation, 
the  mean  value  of  the  latitude  is  the  same  in  all  years. 
We  must  now  examine  whether  this  assumption  is  justified 
by  tlje  observations.  To  do  this  we  subtract  the  values  of 
a-,  which  are  the  corrections  to  the  assumed  declinations, 
from  the  individual  residuals.  Then,  combining  in  yearly 
means  and  changing  the  signs  to  exj)ress  the  results  in  de- 
viations of  latitude,  we  have  the  column  O  below. 

Year  Obs.  O  C 


1825 

1382 

-0.02 

•  +0.02 

1826 

1747 

— 

.01 

— 

.03 

1827 

1196 

— 

.06 

— 

.07 

1828 

454 

— 

.06 

— 

.10 

1820 

121 



.07 



.10 

ISMO 

141 

-H 

.02 



.07 

1831 

337 

— 

.02 

— 

.03 

1832 

408 

— 

.05 

+ 

.02 

1833 

433 

+ 

.08 

+ 

.06 

1834 

4r.l 

+ 

.12 

+ 

.09 

1835 

224 

+ 

.06 

+ 

.10 

1836 

330 

+ 

.18 

+ 

.08 

1837 

222 

+ 

.03 

+ 

.04 

1838 

218 

+ 

.16 

.00 

1839 

285 

+ 

.01 

— 

05 

1840 

356 

— 

.11 

— 

.09 

1841 

221 

+ 

.12 

— 

.10 

1.S42 

261 

— 

.20 

— 

.09 

1843 

272 

.00 

— 

.05 

1844 

'321 

— 

.05 

— 

.01 

1845 

254 

+ 

.21 

+ 

.04 

1846 

249 

+ 

.14 

+ 

.08 

1847 

166  • 

+ 

.26 

+ 

.10 

1848 

82 

+ 

.05 

+ 

.09 

There  is  here  a  pronounced  systematic  deviation.  It  is 
not  due  to  accidental  collocations  of  sign,  for  it  appears 
in  different  groups  when  the  stars  are  separated.  It  is  not 
due  to  anomalies  of  refraction,  since  the  signs  are  the  same 
north  and  south  of  the  zenith.  It  does  not  arise  from  error 
in  the  assumed  nutation,  because  the  data  for  every  year 
contain  stars  in  all  right-ascensions,  which  would  eliminate 
the  effect  even  if  it  were  much  larger.  It  must,  therefore. 
be  due  to  a  change  in  the  place  of  the  zenith,  which  may 
arise  either  from  subjective  causes  or  from  an  actual  slow 
change  in  the  latitude.  From  this  series  alone  it  would  be 
impossible  to  decide  between  these  two  alternatives  :  but  a 


comparison  with  other  series  leads  me  to  conclude  that  the 
latter  is  the  probable  explanation.  I  have  already  alluded 
in  various  places  to  analogous  phenomena  brought  to  light 
in  other  ob.servatious.  Their  concurrent  testiijiouy  is  in 
favor  of  a  long  inequality  in  the  latitude  with  a  period  of 
twelve  years  and  a  range  of  about  a  quarter  of  a  second, 
which  may  be  expressed  by  the  formula 

y._y.^  =  _()".12  cos  (^-1829.5)  30° 
As  well  as  the  evidence  can  be  briefly  .stated,  maxima  ajipear 
to  have  occurred  in  IS.'Ui,  1S47  and  1S(>(),also,  less  certainly, 
in  1873  and  1884;  and  minima  in  1829, 1853  and  1889,  and, 
less  certainly  in  1841,  1867  and  1879.  The  independent 
discussion  of  the  above  residuals  from  the  i\Iural  ("ircles 
gives  the  formula 

^-y„  =  -0".10  cos  (C-1829)  28°.8 

Some  such  term  as  this  will  reconcile  the  anomalies  found 
by  XvKty,  Goui.i>andDooi,iTTLK.  Indeed.  Tii.\ckki£.\y  has 
also,  independently,  suggested  a  term  of  twelve  years  as 
evident  in  the  Greenwich  Transit-Circle  observations  ;  and 
much  more  recently  Gonessiat  has  found  similar  indica- 
tions in  his  ten-years'  series  at- Lyons. 

But,  whatever  view  may  be  held  as  to  the  reality  of  such 
a  variation,  it  is  evident  that  we  ought  to  apply  a  correction, 
in  the  determination  of  the  nutation-constant,  ou  account 
of  this  anomaly  in  the  observations,  without  respect  to  its 
cause.  This  may  be  done  by  applying  the  observed 
corrections,  0,  for  the  several  years,  or  the  values,  C, 
given  by  the  formula.  I  have  made  the  computation  both 
ways,  but,  as  the  differeuces  in  the  nutation-corrections  are 
only  a  very  few  thousandths  of  a  second  in  any  of  the  stars, 
and  are  in  no  wise  systematically  different,  I  quote  only 
those  for  the  first  process  which  are  given  in  column  A'. 
The  mean  value  of  the  nutation  thus  obtained  is  9".  190. 

To  ascertain  the  effect  of  errors  in  the  assumed  proper 
motions  I  have  made  solutions  for  Jr  in  terms  of  //,  both 
with  the  original  values  of  the  absolute  terms,  and  also 
after  correcting  for  the  twelve-year  term  in  the  latitude. 
These  results  are  given  in  columns  B  and  B'.  The  mean 
values  of  the  nutation  are  9".199  and  9".190,  respectively. 

The  two  previous  results  correspond  to  Boss's  values 
of  the  proper  motions.  By  means  of  the  coefficients  of 
J/jL  in  column  1 2  we  can  now  substitute  any  other  values 
of  the  pro])er  motions  and  ascertain  the  effect  on  the  nuta- 
tioi(|p  While  Boss's  proper  motions  are  undoubtedly  the 
best  system  extant,  we  have  an  independent  control  of  tlnni. 
For  this  jiurpose  I  propose  to  compare  the  mean  declina- 
tions obtained  from  the  mural  circles  in  this  investigation 
with  the  Greenwich  Five-Year  Catalogue  of  Fundamental 
Stars  for  1890;  with  the  Madison  Observations,  1887-92; 
and  also  the  Tulkowa  Catalogues  of  1845  and  1885.  Table 
II  contains  tlie  mean  epochs,  numbers  of  observations,  and 
mean  declinations  furnished  l)y  the  mural-circle  observa- 
tions. sejKiiatt'jl    into    two  periods;    Pond    (1-825-35)  and 
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AiivY  ;^183G-4S).  Compiu'iiig  these  with  the  first  two  au- 
thorities above  mcutioiicil,  we  have  th(^  annual  proper 
motions  in  deeliuations  ^ivi'u  under  (ireenwieli-I'onil. 
and  Madison-Airy,  in  Table  111  ;  while  under  I'ulkowa 
('85-'45)  we  have  a  third  set  of  values.  All  of  these,  it 
should  be  remarked,  are  imlcpeudent  of  ISoss;  for.  iiltiioii^h 
Pulkowa  1845  was  used  by  liini  in  forniinj;'  his  normal  sys- 
tem, its  date  lies  practieally  a,t  the  fulcrum  of  that  system, 
and,  consequently,  it  would  not  intlueueeliis  jirojicr  motions 
materially.  The  relative  weights  used,  in  combining  these 
three  values  of  the  proper  motions  to  get  the  mean  in  the 
fifth  column,  were  ascertained  on  recognized  princii)les, 
from  estimates  t)f  probable  accidental  and  constant  errors, 
iiumbers  of  observations  and  intervals  between  the  dates  of 
the  catalogues. 

Multiplying  the  differences  between  these  new  proper 
motions  and  Boss's  by  the  factor  in  column  12  (coeff.  of 
J;j.')   and  adding  to  the  values  in  columns  Ji  and  B',  we 


have  the  columns  C  and  C,  corresponding  to  these  cor- 
rected ]irop(M'  motions.  The  mean  values  of  the  nutation 
are  1)".L'04  and  '.I'M'.II,  respectively. 

It  will  thus  bo  seen  that,  however  we  treat  the  results, 
the  final  vahie  of  the  nutation  comes  out  within  very  nar- 
row limits.  Assuming  the  nncpicstioned  propriety  of  using 
the  corrections  due  to  the  anomaly  in  the  latitude,  and  also 
that  ]5oss's  and  our  proper  motions  are  of  equal  weight, 
we  take  the  mean  of  the  results  7i'  and  C,  and  thus  have 
the  definitive  i.ntation  froi'n  Greenwich  Mural  Circles, 

!)".11)2  ±  0.012 

It  remains  to  combine  this  value  with  all  the  other  deter- 
minations which  can  be  reasonably  regarded  as  having  any 
weight,  for  the  jiurpose  of  indicating  the  best  value  of  the 
constant  of  nutation  which  astronomy  at  present  affords. 
A  consideration  of  this  problem  has  led  me  to  the  following 
summary. 


wt. 


wt. 


From 

Jiif//it-Anreiiftions. 

ti 

Peteks 

Dorpat 

Polaris 

9.216 

i) 

De  B.\ll 

Pulkowa 

3  close  polars 

9.217 

Newcomb 

Green  w. Trans. Circle 

4  close  polars 

9.196 

From 

Dedlnations. 

LirXDAHI. 

Dorpat 

Polaris 

9.236 

\~\ 

ClIAXDLEB 

Pulkowa 

o  zenith-stars 

9.210 

2 

De  Ball 

Pulkowa 

3  close  polai's 

9.234 

1 

> 

Newcomb 

Green  w. Trans. Circle 

47  stars 

9.194 

21 

Newcomb 

Wash.  Trans.  Circle 

69  stars 

9.204 

9 

Chaxdler 

Greenw. Mural  Circle 

34  stars 

9.192 

m  ^ 

General  mean 

9".208 


9".  200 


9".202 


65 


Some  remarks  are  necessary  in  explanation.  I  have  en- 
tirely set  aside  Busch's  and  Richardsox's  determinations ; 
the  former  largely  on  account  of  uncertainty  as  to  the  ef- 
fect of  unknown  changes  in  the  collimation  of  Bkadley's 
zenith-sector,  which  needs  to  be  more  fully  investigated ; 
the  latter  for  various  reasons  pointing  to  its  insufficiency, 
the  principal  one  being  connected  with  the  looseness  of  the 
circle-clamps,  which  was  not  discovered  until  long  after 
the  observations  were  made,  and  which  alone  renders  this 
determination  unfit  for  use,  however  this  difficultj^  is  treated. 
The  value  assigned  to  the  Pulkowa  prime- vertical  determi- 
nation requires  special  comment.  Nykex  deduced  from 
these  observations  9".246.  I  have  found  9".255,  but  have 
pointed  out  (A.J.  XIII,  60)  a  source  of  weakness  inherent 
iu  this  series,  as  used  for  such  a  purpose.  Subsequent  in- 
vestigation leads  me  to  regard  any  result  for  the  nutation 
which  may  be  obtained  from  these  observations,  notwith- 
standing their  high  intrinsic  pirecision,  as  being  quite  in- 
determinate. It  is  far  too  dependent  on  the  assumjjtion 
that,  aside  from  the  shorter  periodic  terms  of  the  latitude- 
variation,  the  mean  position  of  the  pole  is  constant.  I 
cannot   here   go    into   this  matter   in  detail,    but   investi- 


gation has  convinced  me  tliat,  if  the  indications  of  a 
slow  fluctuation  in  the  position  of  the  pole  rendered 
probable  by  other  series  are  real,  the  nutation  from  this 
series  will  fall  between,  say,  9".18  and  9".23.  Without 
excluding  it,  I  have  assumed  9".21,  and  given  it  a  very  low 
weight.  Oij  analogous  grounds,  the  weight  which  the  re- 
sults of  DeBall's  refined  researches  upon  Wagnek's  ob- 
servations should  have,  in  taking  a  general  mean,  ought  to 
be  much  less  than  his  probable  errors  would  give.  On  the 
contrary,  for  similar  reasons,  it  seems  to  me  that  the  weight 
of  Newcomb"s  determinations  from  the  Greenwich  and 
Washington  Transit  Circles  has  not  been  overestimated  by 
him.  Without  going  into  a  more  detailed  statement  of  rea- 
sons, it  suffices  to  say  that  the  weights  above  attributed  to 
the  various  values  have  been  largely  controlled  by  considera- 
tions relating  to  their  probable  relative  freedom  from  the 
influence  of  systematic  errors.  The  adopted  mean  gives  the 
definitive  nutation  from  all  determinations, 


9".20a 

Corresponding  reciprocal  of  the  Moon's  mass  is 
using  50". 36  as  the  luni-solar  precession. 


81.80 
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liesiile  the  results  for  latitude-variation  in  A.-l.  olo,  ol5 
iiiul  ol'O,  and  for  the  nutation-constant  in  the  present  arti- 
cle, it  remains  yet  to  present  the  discussion  of  the  aberra- 
tion-constant froni  Poxd's  observations,  which   has    long 


been  completed  and  which  it  is  hoped  soon  to  print.  In 
addition,  the  stud}-  of  the  declinations  and  proper  motions 
derived  from  them  has  yielded  some  instructive  CDnclnsions, 
which  also  must  be  left  for  a  subseijuent  article. 


OBSERA^VTIOXS   OF   CO^FETS, 


MAI>K    WITH    TUE    l(i-IXCH    EVC  ATOKI.VI.    A.NH    IIIAI;    M  l(  1!<1>I  KTKH    AT    (;ooliSKI.I.   OIISKI!  V.VTOKV,    NOliTlI  1  I  ICI.Ii,    Ml.NX., 

r.V    II.    C.    WILSON. 

[Conimimiciileil  by  thi-  Diiet'tor,  W.  \\.   rAVXii.] 


1805  N'orthfield  M.T- 

* 

No. 
fonip. 

»^ — 5k                                     ^'s  apparent 
^a         1         iZ                    a           1             8 

log  p^ 
for  o      1     for  8 

Comet  /*  1895  (Faye). 

Nov. 

11 

h       111       8 

S  25  47 

1 

13  .  (! 

Ill         8                                   '           "                    II         111          » 

+  (1  40.95    1-3     5.6  1  21  32  15.13 
(.'iiMKT  a  1895  (Swift). 

0 

5l' 

1L7 

9.3  IS 

0.825 

Nov. 

n 

K)  IC.  40 

3 

13,  (i 

+  0  .57.07 

+   2  50.9       1  31  51.10 

+  3 

49 

57.9 

8.220 

0.758 

1.'0 

".1  .">(■>  40 

-1 

14.  (> 

-0  18.66 

-   6     4.1       1  31)  11.22 

+  4 

25 

55.3 

6.090 

0.753 

Comet  c  1895  (rERRixE). 

Nov. 

21 

17  54  4'J 

(°> 

'.t  .  (■> 

+  1  21.05 

+  6     9.1  .  13  55  58.54 

—  0 

59 

50.8 

h9.55S 

0.794 

IS  14  56 

7 

1 

-  0  55.4 

. 

-1 

0 

23.1 

.     •     . 

.      •      • 

18  23  32 

7 

3 

+  6  41.27 

13  56     1.92 

,      ,      , 

2o 

18     4  47 

8 

22,  6 

+  0  29.96 

+  4  11.3 

14     7  36.87 

-3 

41 

53.6 

«9.541 

0.805 

27 

18     5  11 

9 

9,  6 

-1   10.01       -f  3     1.2 

14  14  38.64 

—  .5 

20 

13.7 

«9.541 

0.811 

Dec. 

1 

18  18  26 

10 

9,6 

-(I     l.OS    ;    -t-   3     0.8  i  14  32  28.04 
Comet  d  1895  (Buooks). 

-9 

14 

11.3 

H9.524 

0.827 

Nov. 

25 

IG  57  14 

11 

9.6 

-0  57.74       +   9  20.7  1     9  37  49.92 

—  7 

0 

6.4 

«S.o70 

0.S3S 

27 

17  20  16 

12 

9.  6 

+  1   4'.l."i(i       -   2  10.6       9  29  18.35 

-0 

18 

20.8 

8.554 

0.792 

Mean  Places  for  1S95.0  of  Comparison- Stars. 


* 

i 

a 

Ko<!.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

o         a        1 

ff 

1 

21  31  31.09 

+  3.09 

— 

5  48  49.5 

+  13.4 

Micrometer  com])arisoii  with  2 

*> 

21  .32  19.37 

+  3.09 

— 

5  42  15.3 

+  13.6 

Schjellerup  8770 

3 

1  30  49.94 

+4.09 

+ 

3  46  40.1 

+  26.9 

Munichi  732,  Munich^  433 

4 

1  36  25.76 

+  4.12 

+ 

4  31  32.8 

+  26.6 

Micrometer  comparison  with  5 

.5 

1  38  31.52 

+  4.12 

+ 

4  28     6.9 

+  26.6 

Lalande  3179 

6 

13  54  .35.55 

+  1.94 



1     5  42.6 

-17.3 

Municlio  5126 

7 

13  49  18.69 

+  1.96 



0  59  10.5 

-17.2 

Greenwich  10-year  catalogue  2163 

8 

14     7     4.92 

+  1.99 

— 

3  45  47.7 

-17.2 

Schjellerup  5059 

9 

14  15  46.66 

+  1.99 



5  22  58.0 

-16.9 

Munichi  10063 

10 

14  32  27.04 

+  2.08 

— 

9  16  55.5 

-16.6 

Schjellerup  5190 

11 

9  38  44.46 

+3.20 

— 

7     9  21.4 

-  5.7 

Munichj  4483,  Munich.,  2838 

12 

9  27  24.93 

+  3.46 

— 

0  16     2.8 

-   7.4 

Munich,  4258,  JIunich„  2726 

COMET  c  1895, 


By  Rev.  G. 
In  the  elements  published  by  me  in  A.J.  360,  the  value 
of  sin  (A— Z)  cot /3  for  the  second  observation  was  exactly 
satisfied,  and  it  seemed  probable  that  the  middle  place 
could  not  be  much  better  represented  by  a  parabola,  and 
that  the  discordance  might  be  attributed  to  errors  of  ob- 
servation ;  but  on  varying  the  ratio  of  the  distances,  it 
appeared  that  very  little  change  was  produced  in  tlie  quan- 
tity above  named,  as  an  orbit  resulted  giving  J),  and  J^ 
(O  — C),  +13"  and  —3",  the  previous  ones  having  been 
+  19"  and  —5".      Changing  the  ratio  proportionately,  an 


JL  SEARLE. 
orbit  was  obtained  giving  values  0"  and  + 1" 
as  follows: 

Dec.  18.3142  Gr.  M.T. 


this  orbit  is 


T  = 

CO     = 

Q  = 


log?  = 


272  29  45) 
320  21     1  1 1895.0 
141  42  20  ) 
9.284423 


The  ephemeris  given  will  not  be   much  affected. 
case  seems  to  be  rather  an  unusual  one. 
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NEW  ELEMENTS   AND   EPHEMERIS   OF   COMET  c  1895   (perrine), 

By  W.  W.  CAMPBELL. 


The  following  elements  of  Comet  c  1895  are  based  n])ou 
Mr.  Perkine's  observations  made  November  17,  24,  and 
Deeember  1. 

T  =  1895  Dec.  1S".32570  Greenw.  M.T. 


CO  =  272  35  38.0 
Q,   =  320  26  19.1 
;  =  141  39  22.6 
Q  =   0.192253 


1895.0 


Residuals  (O-C):  cos^'Jl'  =  -1".9; 
Constants  fok  the  Equatok 


J^'  =  -2".l. 
1895.0 


X  =  r  [9.963140]  sin  (  35  32  5.2  +  0) 
I,  =  r  [9.996491]  sin  (128  40  55.0  + c) 
s   =   )•  [9.617957]  sin  (234"  56  12.3  +  (') 

EPHEMEKIS    FOR    GREENWICH    MeAN    MlDNKiHT. 
1S95  App.  a  App.  S  log  ?•  log  A 

o  I 

—29  27 
-31  21 

Mt.  Hamilton,  Cal.,  1895  December  4. 


Dec.  14.5 
16.5 


16  55.1 

17  38.2 


9.384 
9.312 


9.900 
9.915 


Bi. 

65.3 

84.7 


ISOa-'Oli 

Dec.  18.5 

20.5 

22.5 

24.5 

26.5 

28.5 

30.5 

Jan.  1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

13.5 

15.5 

17.5 

19.5 


App.  tt 

h   111 

IS  17.0 
18  43.7 

18  59.3 

19  8.4 
19  14.0 
19  17.9 
19  20.8 
19  23.1 
19  25.0 
19  26.6 
19  28.1 
19  29.5 
19  30.7 
19  31.9 
19  33.1 
19  34.2 
19  35.2 


App.  6 

-31  5 
29  14 
26  54 
24  42 
22  45 
21  3 
19  33 
IS  13 
17  1 
15  55 
14  54 
13  58 
13  5 
12  16 
11  29 
10  42 

-10     1 


log  ?• 

9.284 
9.322 
9.39S 
9.478 
9.550 
9.613 
9.668 


log  A 

9.918 
".).9'.»1 

o.o:i2 

0.068 
0.098 
0.123 
0.146 


The  comet  becomes  an  evening 
On  Jannary  11  it  again  becomes  a 


9.758  0.183 

9.829  0.213 

9.888  0.238 

9.938  0.259 

9.981  0.277 

object  on  Decern 
luoruing  object. 


Br. 

82.6 

33.3 

12  2 

5.7 

3.2 

2.0 

1.3 

1.0 

0.7 

tier  16. 


OBSEEVATIONS   OF   COMET  c  1895  (perrine), 

MADE    AT   THE    CINCINNATI    OBSEKVATOP.Y, 

By  J.  G.  PORTER. 


189.5  Cincinnati  M.T. 


No. 
Comp. 


Ja         I         j8 


»^'s  apparent 

a  !  8 


log  p^ 
for  a  for  S 


Nov.  26  16  50     6 
27  17  14  25 


+  1  43.32 
+  2  47.35 


-6  56.3 
+  0  16.2 


14  10  44.38 
14  14  25.67 


-4  24  65.3 
-5  15  12.1 


w9.645 
W9.630 


0.746 
0.761 


Mean  Places  for  1895.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to       ;                                              ,    .,      •. 
app.  place                                             Authority 

1 

2 

h        m       8 

14     8  59.06 
14  11  36.31 

+  2^00             -4°  17  41.9 
+  2.01           -5  15  11.2 

II 

-17.1 
-17.1 

Berlin,  Astr.  Xackr.  2580 
Gould,  Gen.  Catal.  19343 

REMAKKS  ON  THE  ARTICLE, 
RBSEAECHES  ON  THE  ORBIT  yVIRGINlS,  BY   T.J.  J.  SEE," 

By  MARTIN   BRENDEL. 


In  No.  352  of  this  Journal  Dr.  See  gives  a  computation 
of  the  orbit  of  y  Vi'ir/lnis  ;  his  results  are  of  great  interest, 
but  may  we  be  allowed  to  distrust  somewhat  the  fitness  of 
his  manner  of'sifting  the  material  of  observations.  Dr.  See 
says  in  his  article : 

"After  an  examination  of  all  the  observations,  it  appeared  advisa- 
ble to  base  the  orbit  mainly  upon  the  Tvork  of  the  great  standard 
observers.  This  sifting  of  the  observational  material  is  rendered  the 
more  necessary  by  the  great  number  and  miscellaneous  character  of 
the  observers." 

Then,  for  the  year  1891,  Dr.  See  gives  his  own  observa- 
tions made  with  r)r.  AVellmann's  micrometer  at  the  Observ- 


atory of  Berlin,  under  the  direction  of  Prof.  Dr.  Knokee, 
whose  scholar  in  jsraetical  astronomy  he  was.  He  does  not 
mention  the  observations  made  by  I'rof.  Knorre  himself, 
nor  those  made  by  Dr.  Wellmanx  at  the  same  time 
with  the  same  instrument,  and  published  in  the  same 
volume  {Beohachfunijs-Erfjehnisse,  der  koni(jl.  Sternicfirte  zu 
Berlin,  Heft  No.  6). 

Prof.  Knorre  is  an  observer  so  well  known  for  the  great 
accuracy  of  his  observations,  that  this  must  appear  strange, 
and  his  measures  of  double-stars  made  with  Dr.  Wellmann's 
micrometer  may  be  the  exactest  ever  made.     Dr.  See  omits 
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these  observatious,  and  replaces  them  by  the  results  of  a 
beginner.  For  the  observations  of  Professor  Knokkk  we 
have : 

e  p 

Obs.  Colli]!.  Obs.  C'oiiii).  $, — $r  p, — p^  n 
1891.32  333°.0  332°.t;  5".(;9  5".(>7  +0°.4  +0".()J  10 
The  results  of  Professor  Kxokkk  are  founded  upon  38 
measures  of  the  angle  of  position,  and  upon  184  uieasuros 
of  the  distance  made  on  10  nights  ;  those  of  Dr.  Skk  upon 
12  measures  of  the  angle  of  position,  and  24  measures  of 
distance  made  on  3  ni-'hts  onlv. 


Surely  the  difference  of  the  results  of  both  observers  is 
very  small,  and  the  elements  of  the  orbit  would  not  be  al- 
tered, if  we  should  replace  Dr.  Skk's  measures  by  those  of 
Professor  Knokkk.  But  as  Dr.  Skk  hiiuseH'  jiroposes  a  very 
careful  sifting  of  the  observatiinial  iiiatiM-ial,  wliich  indeed 
is  necessary  in  conqmting  the  orbits  of  <loulilo  stars,  we 
hope  that  with  regard  to  his  otlior  very  numerous  and  in- 
teresting publications  on  this  subject,  he  may  have  proceeded 
with  more  objectivitj-. 

Berlin,  1895  October. 


ELEMENTS   AND   KlMIE^rKRIS   OF  COMET  tZ  1895  (///.ooa.s). 

By  a.  .iay  i;ov. 
The  following  elements  of  Comet  </  1895  (Bko(»ks)  were 
derived  from  observations  at  the  Lick  ami  Northfield  obser- 
vatories on  Nov.  22  and  Nov.  25  respectively,  and  a  rough 
pointing  with  the  eijuatorial  of  the  Dudley  Observatory  on 
Xov.  28. 

1895  Oct.  21.1354  (Jreenw.  .M.T. 


T  = 

to  = 

«  = 

log  7  = 


298  58.1  ) 

S3     1.3  [•  App.  Equinox. 

77  15.5  ) 
9.92G5(J 


For  middle  place  (C-0):      J).  =  -1'.2, 
Albany,  N.  T.,  1895  December  6. 


Jp  = 


-O'.o. 


El'llKMKl 

IS   I'm;  (iuK 

KNWli   II      Mil 

.\i<;ii  r. 

18i)5 

ec.  11.5 

A\>\>.  a 

h       in       8 

7  23  28 

App.  & 
+  55  54 

log  A 
9.5136 

13.5 

6  49     4 

+  G0  51 

9.5514 

15.5 

6  11  30 

+  64  28 

9.5904 

17.5 

5  32  34 

+  G()  49 

9.()29,S 

19.5 

4  54  50 

+  68  11 

9.C)(;s.S 

21.5 

4  20  47 

+  6.S  50 

9.7U(;i 

23.5 

3  51     9 

+  68  57 

9.7418 

25.5 

3  20  24 

+  68  48 

9.7756 

27.5 

3     G  17 

+  68  25 

9.8078 

29.0 

2  50     5 

+  67  59 

9.8382 

31.5 

2  36  53 

+  67  28 

9.8670 

OBSEIIYATIOXS   OF    COMET  U  1895  (n hooks), 

MAI>K    AT    TIIK    UrDi.KY    DBSER  V.\T<)li  V, 

liv  A.  JAY   ROY. 


1895  Albany  M.T. 

* 

No. 
Comp. 

-* 

j8 

^'s  apparent 

1           8 

log}>A 
for  a      1     for  8 

li      m      » 

Dec.    9      8     7  16 

1 

4 

1»         » 

-0  10.99 

+  8  52'!8 

h      m      s 

7  55  55.94 

+49     2  58.5 

W9.816 

0.667 

9  31     1 

•> 

6 

-5  39.18 

-3  51.8 

7  55  10.55 

+49  15  22.5 

«9.813 

0.450 

10-   11     4  39 

3 

10 

-0  32.66 

+4  45.6 

7  40  31.79 

+  52  50  55.0 

«9.737 

9.337 

14     11     9  55 

4 

i 

-1  25.62 

-0  o9.9 

6  34  44.18 

+  62  44  12.5 

M9.643 

«0.380 

Mean  Places  for  1895.0  of  Coni2)arison- Stars. 


Red.  to 

s 

Red.  to 

* 

a 

app.  place 

app.  place 

Autliorily 

O           (            1 

jr 

1 

7  56     0.39 

+  6.54 

+48  54  17.7 

-12.0 

Deiehmttller.  Bonn,  A.G.  6358 

o 

8     0  43.18 

+  6.55 

+  49  19  27.1 

-12.8 

Doicluniiller,  Bonn,  A.G.  6404 

3 

7  40  57.38 

+  7.07 

+  52  46  19.7 

-10.3 

Kogers,  Cambridge.  A.G.  Mass.  2952 

4 

6  36     0.72 

+  9.08 

+  62  45  12.4 

0.0 

Krueger,  Helsiiigfors  A.G.  Catal.;  Arg. 

7133 

The  comparisons  of  the  first  observation  were  made  by  Prof.  L.  Boss. 
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Elements  asi>  Ephemeris  ok  Comet  d  1895  (BitooKs),  by  Mr.  A.  Ja\-  Roy, 

Obseisv  iTlox.s  OK  Comet  dl.s95  (I}rooks),  by  Mr.  A.  .Jay*  Roy. 

Pl*blisuki>  u«  Boston,  semi-mo.nthly.  by  b,  a,  Gould,    adduess.  Cambridge,  Mass.    Prick.  $.'>.oo  the  Volume.    Press  of  Tuos.  P.  Nichols,  Lynx.  .Mass. 

Enlered  at  Ihe  Post  Office,  at  Boston,  .Mass.,  as  second-class  matter.     Cloted  December  111. 


THE 


AS  TE  GNOMICAL    JOURNAL. 


No.  363. 


VOL.  XVI. 


BOSTON,    1895    DECEMBER    31. 


NO.    2 


DEFINITIVE  DETERMINATION   OF   THE   ORBIT   OF   COMET  1879  V, 

By  KUKT  laves. 
The  Comet  1879  V  was  discovered  by  A.  Palisa  on  Au- 
gust 21, 1879,  at  Pola.  Tlie  telegram  issued  by  the  Imperial 
Academy  of  Vienna  read  as  follows  :  '•  Comet  Falisa,  Aug. 
21,  10"  26'",  Pola,  A.R.  =  150°  35',  Bewegwiuj  =  +94', 
P.D.  -lO"  54',  BeiceguHfj  +3';  vund,  klein  aber  hell.'^  The 
comet  was  visible  from  Aug.  21  to  Oct.  22  of  the  same  year, 
and  129  observations  were  secured  by  the  different  observers, 


all  but  one  being  European.  The  heliocentric  arc  described 
by  the  comet  during  this  time  was  78°.  The  telescopic  appear- 
ance of  the  comet  has  been  described  by  some  of  the  ob- 
servers, and  its  apparent  diameter  has  been  measured.  In 
the  following  table  I  give  their  descriptions  and  measure- 
ments : 


1879 

Observer 

Observatory 

Description  of  the  Comet's  Appearance 

Apparent  Diameter 

Aug.  21 

Palisa 

Pola 

rund,  klein  aber  hell 

Aug.  26 

C.  Bruhns 

Leii)zig 

.  .  .  er  zeigte  einen  punktartigen  Kern  und  inn 

Aug.  26     2r  about  2'... 

Sept.  16 

diesen  eine  koernige  Verdichtung  .  .  . 

Sept.    6-13 

Kobold 

Gottingen 

am  6,  7, 13  Sept.  war  der  Comet  hell  und  ruudlich, 
zeigte  aber  nur  am  13  Sept.  einen  deutlichen  Kern 

Ko. 
Obsns 

Sept.(i-0ct.l9 

Schmidt 

Athen 

hell,  sehr  gut  selbst  sternartig  verdichtet  und  zeigte 

Sept.    6     /•  =  1'.83 

3 

das  meiste  Nebellicht  an  der  der  Sonne  zuge- 

9     r  =  2'.55 

4 

wendeten  Seite,  dagegen  keinen  Schweif 

'•      13     ;■  =  2'.69 

4 

• 

Das  Kerulicht  war  Sept.     6 

8»".0 

•'      17     r  =  2'.56 

3 

"         9 

8»'.5 

Oct.    19     7'  =  1'.87 

3 

"      13 

8>'.3 

«      17 

8  ".3 

Oct.    19 

9".0 

Sept.  13 

Vogel 

Potsdam 

der    Comet  machte  den   Eindrnck    eines    Stern- 
haufens,  der  an  der  Grenze  der  Aufloslichkeit 
steht,  in  der  Mitte  verdichtet  doch  ohne  eigeut- 
lichen  Kern 

Sept.  23 

Cojieland 
and  Lohse 

Dun  Echt 

no  nucleus  witli  power  .'i07 

/•about  1'. 30" 

Oct.    19 

Copeland 
and  Lohse 

Dun  Echt 

bright  round;  gradually  much    brighter    in   the 
middle;  no  nucleus 

Oct.      6 

von  Konkoly 

O-Gyalla 

beil40-facher  Vergrosserung  zeigte  die  Mitte  eine 
^'erdichtung  wie  eiu  Sternchen  pulsierend 

r  =  V  20" 
(mean  of  10  single  obsns.) 

The  spectrum  of  the  comet  has  been  investigated  by 
vox  Konkoly,  Vogel,  Copeland  and  Lohse.  Von  Kon- 
koly observed  with  Vogel's  form  of  the  spectroscope  three 
bands  in  the  spectrum,  one  of  which  proved  to  be  very 
indistinct.  The  first  band  was  situated  in  the  yellow-green, 
the  second  in  the  blue-green  part  of  the  spectrum.  Besides 
these  bands,  there  was  visible  a  continuous  spectrum,  which 
according  to  von  Konkoly,  must  be  regarded  as  originated 
by  the  whole  comet,  and  not  only  by  the  nucleus  itself. 


It  seems,  therefore,  that  the  reflective  power  of  this  comet 
was  luore  powerful  than  that  of  most  of  the  other  telescopic 
comets.  The  determination  of  the  wave-lengths  of  the 
three  bands  in  the  metric  system  gave  the  following  mean 
values : 

I  559.8  ^;a     ,     II  516.8  ;a/*     ,     III  488.7  ;.|i*  ?      ' 

Each  value  is  based  upon  four  observations ;  the  value  of 
III  must  be  regarded  as  very  uncertain  on  account  of  the 
faintness  of  this  baud.     From  a  comparison  of  the  comet's 
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spectrum  witli  that  of  hydrocarbonic  gas  it  was  found  that 
the  lines  similar  to  those  three  bands  would  have  the  fol- 
lowing wave-lengths : 

I'  557.7 /i/i,  ,     II'  516.(5^./     .     Ill'  4S.. 5/1/1. 

Von  Koxkolv  coucliules  from  the  large  diifcnMices  be- 
tween tlie  corresjioudiug  values  that  the  self-luminous  parts 
of  the  comet  are  not  analogous  to  hydrocarbonic  gas.  Copk- 
i,.\xii  and  Lon.sK  made  the  following  observations  of  the 
comet's  spectrum  : 


No. 

No. 

dbs. 

Oct.  10 

Obs. 

3 

r)4<.).s 

1 

1 

1 

51 2.4 

4 

3 

4fi2.1 

1 

Sei)i.  21? 

Hand      1      Center  552.7 

,,  (  Towards  red  edge  513.1 

^' I  Center  511.0 

1 1 1     Center  4G8.9 

Vo<ii:i,  has  identified  tlie  same  three  bands,  and  has  esti- 
mated tlieir  intensities  to  be  respectively  (i,  10  and  3. 

The  orbit  of  tlie  comet  was  determined  several  times 
during  the  period  of  the  comet's  visibility.  1  have  com- 
piled the  ditferent  systems  into  the  following  table  : 


1 

2 

3 

4 

5 

CalriUator 

K.  Zeluu 
Vienna 

CoPEi.ANi)  and  Luhse 
Dun  Edit 

K.  Zei.uk 
Vienna 

H.  Leitzji.\nx 
Leipzig 

K.  Zki.iir 
Vienna 

Observations 
used 

Pola,  Aug.  21 

a                    22 

24 

Dun  Ecl\t,  .Vug.  2« 
27 

"                28 

Pola,  Aug.  21 
24 
Lund,          24 
Pola  cS  Leipzig,  Aug.  26 

Pola,       Aug.  21 
Leipzig,            28 
Leipzig,  Sept.    4 

PoI.i,  Aug.  21 
Lc>i|).,  Dun  Kclit,.\ug.28 
Kreiiisuiiinster,  Sept.  3 
Pola,  Sept.  12 

T 

1879  Sept.  25.4i;83 

1879  Oct.  5.21041 

1879  Get.  4.50415 

1879  Oct.  4.17178 

1879  Oct.  4.60015 

71 

178  43  55 

205  21  15 

201  39  3C 

200  55     0 

202  27  15.0 

ft 

79  30  11 

88     9  19 

S(;  52  28 

86  37  19 

87     7  29.8 

(' 

71  41   22 

77  50  21 

7(!  53  59 

7<!  46  45 

77     6  11.7 

log  y 

0.07 19() 

9.9.S5;!1 

9.99S91 

0.001134 

9.995932 

Systems  3  and  5  proved  to  be  quite  good  appro.ximations 
to  the  definitive  system  of  elements,  derived  in  this  paper, 
if  we  take  in  consideration  the  smallness  of  the  arc  from 
which  the  elements  were  derived.  In  order  to  compare 
the  observations  with  a  tolerably  exact  ephemeris  — one  of 
the  j)riiieipal  requirements  of  the  method  of  least-squares — 
I  determined  a  new  system  of  elements  from  si.x  normal 
places.  This  system  will  be  called  I,  the  accentuated  letters 
referring  to  the  equator. 

1 
r  =   1879  Get.  4.661 673 


«' 

= 

139 

18 

11.81 

0.' 

= 

82 

14 

37. 

43 

1' 

^ 

79 

19 

;50. 

77 

n' 

= 

221 

32 

49. 

24 

log  >J 

= 

9.99 

54560 

By  means   of   this   system   of   elements   the  following 
ephemeris  has  been  computed  : 


Ephemeris  fok  12''  Herlix  Meax  Ti.me. 


1S79 


Aug.  21 

10 

2  46.37 

+49     6  38.5 

22 

9     S.".)5 

48  59  59.9 

23 

15  36.04 

48  52     2.8 

24 

22     7.31 

48  42  43.9 

25 

28  42.42 

48  32     0.0 

26 

35  20.99 

4.S  19  47.8 

*       27 

42     2.62 

48     6     4.5 

28 

48  46.87 

47  50  47.2 

29 

55  33.32 

47  33  53.3 

30 

11 

2  21.49 

47  15  20.2 

31 

11 

9  10.90 

+  46  55     5.8 

log  A 

1.27564 
.26842 
.26135 
.25443 
.24771 
.24122 


1879 
Sept. 


log  A 


Oct. 


1 

11    16 

1.07 

+  46  33     8.2 

2 

*>*} 

51.51 

46     9  25.7 

0.23500 

3 

29 

41.71 

45  43  57.0 

4 

36 

31.18 

45  16  41.0 

.22911 

5 

43 

19.43 

44  47  37.3 

6 

50 

5.98 

44  16  45.4 

.22361 

r* 

56 

50.35 

43  44     5.5 

8 

12     3 

32.11 

43     9  38.0 

.21851 

9 

10 

10.81 

42  33  23.9 

10 

16 

46.04 

41  55  24.4 

.21389 

11 

23 

17.43 

41   15  41.2 

12 

2!) 

44.(;2 

40  34   16.3 

.20977 

13 

36 

7.29 

39  51  12.2 

14 

42 

25.13 

39     6  31.7 

.20619 

15 

48 

37.39 

38  20  17.8 

16 

54 

45.29 

37  32  34.1 

.20319 

17 

.    13     0 

47.18 

36  43  24.3 

18 

6 

43.36 

35  52  52.6 

.20081 

19 

12 

33.68 

35     1     3.1 

20 

18 

18.03 

34     8     0.5 

.19906 

21 

23 

56.33 

33  13  49.3 

22 

29 

28.51 

32  18  34.5 

.19797 

23 

34 

54.53 

31  22  21.1 

24 

40 

14.38 

30  25  14.1 

.19753 

25 

45 

28.08 

29  27  18.7 

26 

50 

35.65 

28  28  40.2 

.19776 

27 

55 

37.13 

27  29  23.7 

28 

14     0 

32.59 

26  29  34.4 

.19865 

29 

5 

22,11 

25  29  17.5 

30 

10 

5.79 

24  28  38.1 

.20018 

1 

14 

4.;.71 

23  27  41.3 

2 

19 

16.00 

22  26  31.9 

.20233 

3 

23 

42.76 

21   25  14.6 

4 

28 

4.14 

20  23  53.9 

0.20506 

5 

14  32 

20.24 

+  19  22  34.4 

N"-  3G2 
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1879 
Oct.  (i 

1 
14 

1.1 

t    111    s 

36  31.24 

0     ' 

+  18  21 

20.1 

log  A 

0.20834 

7 

40  37.24 

17  20 

15.2 

8 

44  38.40 

1()  19 

23.4 

21212 

9 

48  34.8() 

15  18 

48.2 

10 

52  20.77 

14  18 

33.1 

.2h;;',9 

11 

56  14.26 

13  18 

41.1 

IL' 

59  57.48 

12  19 

15.3 

.22107 

i;! 

L") 

3  36.58 

11  20 

1 8.2 

14 

7  11.70 

10  21 

52.4 

.22612 

\r, 

10  42.97 

9  24 

0.0 

ic, 

14  10.52 

8  2() 

43.0 

.23149 

17 

17  34.50 

7  30 

3.3 

IS 

20  55.03 

6  34 

2.4 

.23714 

19 

24  12.24 

5  38 

41.7 

20 

27  26.25 

4  44 

2.5 

.24301 

21 

30  37.19 

3  50 

5.7 

r>** 

33  45.18 

2.  56 

52  3 

.24910 

23 

36  50.33 

2  4 

22.8 

24 

15 

39  52.77 

+  1  12 

37.9 

0.25532 

In  order  to  compare  the  observations  with  the  places 
derived  from  this  ephemeris,  I  determined  tlie  positions  of 
tlie  stars  of  comparison  for  the  year  1879.  I  am  greatly 
indebted  to  my  friend,  Mr.  A.  Bkiibkeioh  of  Berlin,  for 
looking-  up  for  me  the  positions  of  the  stars  from  the  differ- 
ent catalogues.     He   also  collected  the  observations  from 


the  different  papers  for  me,  since  our  libraries  in  Cliii'ago 
did  not  fnrnish  mo  the,  data  for  the  work.  Prof.  Dkick- 
MULLEit  of  Honn  kindly  (•(inniiunicated  to  nio  the  positions 
of  stars  from  the  IJoun  A.G.  Catalogue  before  its  publi- 
oation.  Of  great  valne  were  the  positions  of  great  many 
of  the  stars  of  compai'ison  that  Mr.  .1.  Palisa  has  deter- 
mined with  the  Pola,  Meridian  Circle  in  1880  (Asfmn.  Nm-li. 
2337).  T  have  designated  these  observations  with  "Pola 
Merid. ;'"  in  the  same  manner  arc  some  positions  desig- 
natedby  "Koenigs.  Merid., "which have  been  observedby  Dr. 
Rahts.  In  the  following  table  the  positions  of  the  stars 
are  given  for  1879.0;  in  the  last  column  to  the  right  are 
named  the  catalogues  from  which  the  positions  were  de- 
rived. It  must  be  observed  that  in  such  cases  where  two 
or  more  newer  determinations  could  be  secured  the  positions 
of  the  stars  were  based  on  them.  In  order  to  avoid  mis- 
takes the  calculations  for  precession  were  carried  out  in 
two  independent  ways.  Starting  with  approximate  values 
for  1879.0  the  effect  of  precession  was  calculated  by  using 
Opi'Olzeu's  table  XII  of  the  first  volume.  The  values  thus 
obtained  were  checked  by  computing  the  effect  of  precession 
from  the  data  belonging  to  the  mean  time  between  1879 
and  the  respective  epoch  of  the  catalogue  to  be  used. 


.J 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1879.0 


9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

11 
11 
11 
11 
11 
11 
11 
11 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


25.40 
55.38 
59.25 
27.36 
14.11 
30.33 
32.72 
19.44 
34  45.75 
47  25.83 
0.42 
7.07 
22.45 
21.02 
53.75 
15.78 
0.49 
47.16 
58.06 
56.55 
10.15 
48.99 
56.57 
16.56 
10.11 
40.05 
26.29 
55.18 
23.58 
58.08 


50 

31 

32 

33 

37 

44 

51 

53 

55 

0 

3 

3 

7 

12 

15 

18 

24 

29 

32 


34 


+  49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
47 
45 
45 
45 
45 
44 
44 
44 
43 
43 
43 
42 
42 
43 
42 
42 
41 
40 
40 
39 
+  40 


10 

0 
59 
29 
42 
20 
20 
24 
19 

8 
50 
23 
46 
49 

9 
19 

1 

43 

19 

9 

58 
49 
41 
9 
0 
29 
21 
38 
58 


30.4 
19.8 
24.2 
57.8 
0.8 
55.4 
36.4 
17.4 
10.1 
8.8 
46.6 
6.6 
39.2 
37.0 
40.3 
57.2 
18.9 
3.8 
1.0 
59.9 
20.3 
56.6 
47.4 
51.5 
19.4 
14.9 
56.6 
4.3 
25.9 
45.5 
47.2 


Authority 


A.G.  Bonn,  Pola  Mer. 

A.G.  Bonn,  Pola  Mer. 

A.G.Bonn,  Pola  Mer. 

Pola  Mer. 

Pola  Mer. 

A.G.  ISonn,  Pola  Mer. 

Argel.  Noerd.  Zonen,  A.G.  Bonn.  Pola  Mer. 

Argel.  Noerd.  Zonen,  A.G.  I!onn 

Pola  Mer. 

Argel.  Noerd.  Zonen,  A.G.  Bonn 

Argel.  Noerd.  Zonen,  A.G.  Bonn,  Pola  Mer. 

Lalande,  Armagh^,  Paris,  A.G.  Bonn 

Lai.,  Groom.,  EadCi,  Argel  Noerd.  Zc,  Kam.,  Bruss.,  Romb.,  A.G.P.onn 

Lai.,  Groom.,  EadCj ,  Argel.  Noerd  Zo.,  Kam.,  Bruss.,  Paris,  A.G.  Bonn 

Lai.,  Argel.  Noerd.  Zo.,  Kam.,  Paris,  A.G.  Bonn 

\V„,  A.G.Bonn 

Rumkeri,  A.G.  Bonn 

Lai.,  Radc.j,  W„.  Rumkerj,  Paris,  A.G.  Bonn 

Lal.,W., .  Arm.  i,  liadc.,.  Bulk.,  Radc.„, Bruss.,Romb.. Harv.,  I'aris,  A.G.Bonn 

WB„,  A.G.Bonn 

Lai.;  Wj,  A.G.Bonn 

Lai.,  W,,  Rilmk.i,  A.G.Bonn 

Lai,  W., ,  Kam.,  A.G.  Pxnin 

W.,,  A.G.Bonn 

Lai.,  W.,,  A.G.Bonn 

Radcliffej 

W„,  A.G.  Bonn 

Lai.,  Radcliffei,  W.,,  P..B.V1,  A.G.  Boiui 

W„,  A.G.  Bonn,  Pola  Mer. 

Lai.,  W.,  A.G.  Bonn 

W.,,  A.G.  Bonn  
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* 

18- 
a 

ro.o 

Authority 

32 

h       m      a 

12  39  15.80 

+39  56  11.8 

Greenwich  9  years 

33 

12  .{'.)   -..{.72 

39      1    18.0 

Lai. 

34 

12    K?  5(1.84 

39     1  38.0 

Lai..  \\,.  I'olu  -Mer. 

35 

12  47  50.81 

38  37  50.6 

Koenigsberg  Mev. 

36 

12  4S  22.49 

37  38  40.0 

Lai.,  AV„,  I'ola  Mev. 

37 

12  49     S.8S 

.SS  26     9.9 

Lai.,  W;.,l'olaMer. 

38 

12  55  1C..04 

37  37  40.4 

A.(;.  noun.  I'ola  Mer. 

39 

12  59  20.20 

3(>  52     4.1 

IJ.H.VI.  I'ola  -Mer. 

40 

13     9  29.37 

35  14  20.8 

\\'.. 

41 

13     9  33.44 

30     5     8.9 

Lai..  W...  I'ola  M.-r. 

42 

i:;  10    1.91 

34  49  23.5 

Lai..  W',,  Tola  .Mer. 

43 

1.-!  20  38.04 

34  18  35.2 

15.15.  \l 

44 

13  22  12.06 

34  15  17.2 

15.B.V1 

45 

13  22     9.52 

33  37  34.3 

Pola  :Mer. 

46 

13  22  25.94 

33  12  36.4 

w.. 

47 

13  23     3.59 

34  17  39.1 

Lai.  Tola  'Mev. 

48 

13  25  39.20 

33     8  18.3 

Tola  Mer..  Leiden  Mer. 

49 

13  34  45.03 

31  37  20.9 

Lai.,  W.,,  I'lilk.,  Harv.,  Arm..,,  Tola  Mer. 

50 

13  43     2.32 

.30  27  50.7 

W.,  Pola  .Mer. 

51 

!.•!  44  25.08 

29  40  59.5 

15.W.  XIII.  921.  922 

52 

l.-J  53  31.23 

27  .".O  26.4 

E(iuat.  Conii.ar.  with  \V,  13MO02  Orwell  Park 

53 

13  54  2().55 

2S  44  57.8 

E(inat.  Compar.  with  W.,  13M173  Orwell    Park 

54 

14  17  48.63 

22  49  23.1 

W„,  Riinik.,,  Tola  Mer.' 

55 

14  19  50.00 

22  30  52.3 

15.W.  XIV 

56 

14  20  44.88 

21   39  32.0 

W„,  Pola  Mer. 

57 

14  22  30.51 

21   28     4.4 

B.W.  XIV 

58 

14  29  39.29 

19  44  42.4 

Lai.,  W...  Riimk.,,  Pola  ^lev. 

59 

14  29  50.48 

19  47     5.9 

Lai.,  W'„.  Kuink.,,  Pola-  Mer. 

60 

14  31   51.70 

20   19  39.7 

Lai.,  Pola  :\[er. 

61 

14  35  1(;.,S7 

19  ."5  28.3 

Pola  Mer. 

62 

14  35  35.70 

19  27  18.4 

W„ 

63 

14  36  19.70 

18  24  26.1 

Wl,  Pola  Mer. 

64 

14  37  24.35 

IS  35  15.7 

W„ ,  liiimk. 

65 

14  39  35.78 

17  28  38.4 

Lai.,  Piazzi,  W...  Riimk.,  Ann.,,  Pnlk..  Pola  Mer. 

66 

14  42  43.77 

10  ;>9     7.7 

Lai.,  W„ 

67 

14  47   15.03 

15  37  45.8 

Lai.,  W„,  Riiink.,  Arm..,,  Pola  Mer. 

68 

14  49  19. IS 

15  28  14.1 

Lai.,  Wj,  Riimk.,,  Pola' Mer. 

69 

14  52  33.09 

14  31  23.1 

Lai.,  Piazzi.  Riimk.,,  Arm.,.  P.rn.s.s.,  I'ola  ;\Ier. 

70 

14  56     4.77 

13  44  38.4 

Lai.,  W.,,  Pola  Mer. 

• 

71 

14  58  12.93 

13  34  52.1 

Lai,  W.;,  Pola  Mi-v. 

72 

14  59  37..33 

12  25  30.2 

Lai.,  W; 

73 

14  59  42.73 

12  19  41.0 

Lai.,  AV.,,  Glasgow., 

74 

15     0  54.00 

11  32     2.5 

W.,,  Pola  Mer. 

75 

15     2  311.87 

11  22  51.5 

AVl 

76 

15     5  4.S..32 

10  34  57.3 

La'l..  W..,  Glasgow,,  Pola  Mer. 

77 

15     5  58.00 

10  40  23.5 

Lai.,  W.^,  Santini,  Glasgow,,  Pola  Merid. 

78 

15     9  45.09 

10  34  35.0 

Lai..  W.,,  Glasgow,,  Arm.,,.  Pola  Merid. 

79 

15  11   29.01 

9  49  35.4 

w,       - 

80 

15  14  50.74 

9  21  11.4 

Lament 

81 

15  15  45.01 

8  43  14.5 

Lai.,  W„,  Santini,  Selijel.,  M, 

82 

15  16  39.64 

7  46  32.1 

W„,M,;  Pola  Merid. 

83 

15  21  38.57 

5  47  28.4 

Lament 

84 

15  21  44.36 

6  31  29.3 

Lai.,  W.,,  Riimk.,,  Glasgow,,  Romb. 

85 

15  22  25.17 

5  58  32.6 

Lai.,  W.',  M,,  Pola  Merid. 

86 

15  24  27.57 

5  40  43.3 

Lai.,  W',,  Riimk.,,  M, 

87 

15  26  45.86 

4  56  30.3 

Eqnat.  Compar.  with  15. W.  XV,  501  Dnn  Edit 

88 

15  33  58.93 

+   2  57     2.0 

W„,  Riimk.,,  Schjel.,  GlasgoWj,  M^ 

The  following  table   contains   the   observations   of  the 
comet.     The  first  column  gives  the  place  of  observation, 


the  second  the  time  of  observation  corrected  for  aberration 
and  reduced  to  the  meridian  of  Berlin.     In  the  next  two 
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columns  the  corrections  for  parallax  are  contained,  which 
liave  been  computed  anew.  'I'lien  follows  the  apparent 
jikwe  of  the  comet,  and  in  the  last  two  eolnmns  the  values 
for  Jic  cosS  and  . /cN  which  follow  from  the  eonijiarison  of 
the  observed  [ilaees  with  the  eomimtt'd  places.  In  the  liiial 
discussion  of  the  observations  all  observations  exceeding 
I'O"  in  /JucosS  -And  JS  were  excluded.      Since,  out  of  five 


complete  observations  at  Gottingen  four  proved  to  be  erro- 
neous by  a  large  amount,  all  of  them  were  rejected,  the  same 
was  done  with  the  observation  of  Sheffield  on  the  same 
account.  By  the  horizontal  strokes  in  the  table  below  are 
separated  the  observations  collected  in  six  normal  places ; 
the  sign  "'.'"  is  used  where  the  .star  of  comparison  is  want- 
ing; and  "  —  "  whei'c  the  observation  is  not  complete. 


<) 
10 
11 
12 
13 


Place  of  Observation 


Pola 

Pola 

Pola 

Pola 

Lund 

Pola 

Pola 

Pola 

Leipzig 

Dun  Echt 

Dun  Echt 

Dun  Edit 

Leipzig 


Berlin  Mean  Time 

1879 


Aug. 


21.42478 
22.35008 
24.39245 
24.39952 
24.49739 
25.38425 
25.39S72 
2(5.(12758 
26.44454 
26.49380 
27.54381 
28.60946 
28.45540 


Parallax 


+  0.17 

+  .27 

+  .21 

+  .20 

+  .01 

+  .23 

+  .16 

-  .25 
+  .45 
+  .08 
+  .00 

-  .18 
+  0.]0 


+  4.5 
+  3.8 
+  4.3 
+  4.3 
+  4.0 
+  4.2 
+  4.4 
+  4.1 
+  2.1 
+  4.7 
+  4.8 
+  4.2 
+4.8 


Star 


1 
2 

4 
3 

•? 

5 
0 
9 
8 
7 
10 

n 
11 


App.  a 


10  2  21.07 

S  15.89 

21  27.69 

21  30.94 


10 


28 
28 
36 
35 
35 
42 
50 
48 


0.20 

4.80 
16.77 

3.30 
22.63 
24.51 

0.47 
32.88 


App.  8 


+  49  6  47.9 
49  0  53.6 
48  43  42.2 
48  43  0.2 


48 

48 
48 
48 
4S 
48 
47 
+  47 


32  32.2 

32  38.2 

17  42.2 

20  3.6 

19  31.7 

5  2.7 

47  47.3 

51  6.9 


Obs. 
J  a  cos  8 


-0.34 
+0.59 
-0.09 
-0.37 

+  0.04 
-0.75 
-0.43 
+  0.09 
+  0.24 
+  0.29 
+  0.02 
+  0.31 


-C'al. 
J8 


+  2.1 
+  8.2' 
+  14.7 
-23.2 

9 

-30.2 

-  9.9 

-  4.7 

-  6.2 
0.7 
1.7 
7.0 
0.9 


+ 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


Dun  Echt 

Rome 

Kremsmiiuster 

Kreiusmunster 

Leipzig 

Dun  Echt 

Kremsmtinster 

Gottingen 

Rome 

Rome 

Gottingen 

Leipzig 

Rome 

Kremsmtinster 

Rome 

Athens 

Rome 

Orwell  Park 

Krakau 

Rome 

Leipzig 

Krakau 

Pola 


Sept. 


3.04587 

3.33857 

3.34068 

4.33918 

4.40784 

4.61627 

6.32330 

6.38601 

0.33552 

7.34148 

7.37903 

8.43900 

8.31430 

8.42840 

9.32051 

9.29167 

10.35740 

10.39637 

11.40949 

12.34118 

12.40521 

12.30703 

12.36440 


-  0.13 
+  .33 
+  .29 
+  .23 
+  .19 

-  .07 
+  .31 
+  .24 
+  .34 
+  .34 
+  .25 
+  .17 
+  .36 
+  .19 
+  .35 
+  .37 
+  .32 
+  .20 
+  .19 
+  .34 
+  .22 
+  .20 
+  0.29 


+3.9 
+  3.0 
+  3.7 
+  3.8 
+  4.7 
+  5.0 
+3.0 
+  4.3 
+  3.5 
+  3.6 
+  4.4 
+  5.0 
+  3.2 
+  4.9 
+  3.5 
+3.2 
+  3.9 
+  4.2 
+  4.9 
+  3.7 
+  4.7 
+4.5 
+4.2 


13 
14 
13 
12 
15 
15 

17 
16 
19 
18 
22 
21 
20 
23 
24 
25 
26 
27 
28 
29 
29 
29 


11 


30  45.04 
28  38.39 
28  38.92 
35  29.09 
35  57.75 
37  19.82 


12 


49 
49 
55 
51 
3 
2 

3 

9 

8 

15 

10 

22 

28 

29 

28 

12  28 


27.08 
2.75 
49.45 
29.11 
11.48 
20.05 
6.41 
1.30 
51.20 
52.47 
10.33 
46.09 
47.33 
11.30 
55.32 
56.29 


+  45 
46 
45 
45 
45 
45 

44 
44 
43 
43 
43 
43 
43 
42 
43 
42 
41 
41 
40 
40 
40 
+  40 


39  43.6 

48  64.1 

47  38.1 

20  28.2 

18  47.4 


13  12.2 


18 
21 
48 
48 
11 
16 
11 
39 
40 
0 
68 
19 
40 
37 
39 
39 


49.1 
24.3 
56.3 
2.5 
17.9 
56.7 
38.2 
44.8 
35.8 
20.4 
52.5 
29.7 
24.1 
58.9 
35.2 
31.9 


-0.08 
-0.24 
-0.60 
+  0.23 
+  0.08 
-1.71 

9 

-0.41 
+  0.01 

+  0.20 
-0.04 
-0.15 
-0.85 
+0.18 
-0.29 
+  1.53 
+0.35 
+  0.78 
+  0.16 
-0.85 
-0.01 


+  1.8 
+  6.1 

-  6.6 
-19.7 

-  4.5 
+  12.8 

9 

-76.1 

-  9.7 

-  3.3 

-  2.6 
+  10.2 

-  5.8 
+   6.9 

-  0.0 
-10.9 

-  9.1 
+34.2 

-  9.0 
+  8.3 
+  8.1 

-  2.2 


37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 


Dun  Echt 

Rome 

Athens 

Gottingen 

Kremsmtinster 

Krakau 

Rome 

Kremsmtinster 

Krakau 

Konigsberg 

Orwell  Park 

Kremsmtinster 

Konigsberg 

Orwell  Park 


Sept.  13.49238 
13.35166 
13.29724 
13.37588 
13.36403 
13.31951 
14.373(i3 
14.36724 
14.31647 
14.36073 
14.40909 
16.34950 
15.41296 
15.40517 


+  0.14 
+  .32 
+  .30 
+  .21 
+  .23 
+  .24 
+  .31 
+  .29 
+  .29 
+  .23 
+  .25 
+  .29 
+  .17 
+  0.25 


+  5.1 

32 

+  3.8 

30 

+  2.6 

30 

+  3.5 

31 

+  3.6 

30 

+  3.2 

30 

+  4.1 

34 

+  4.2 

34 

+  3.9 

33 

+  4.6 

33 

+4.5 

34 

+  4.1 

37 

+  6.1 

36 

+  4.4 

37 

12 


12 


30 
35 
34 
32 
35 
35 
41 
41 
41 
41 
41 
47 
48 
48 


7.43 
13.53 
53.36 
50.58 
18.16 

2.45 
40.87 
33.33 
19.12 
35.60 
64.90 
44.48 

8.38 

7.40 


+  39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
39 
38 
38 

+  38 


61 
67 
59 
55 
60 
58 
11 
12 
14 
12 
10 
27 
23 
24 


10.1 
10.1 
43.4 
40.5 
38.5 
38.6 
47.1 
32.8 
22.1 
36.5 
7.0 
1.6 
58.2 
15.4 


-0.01 
-0.13 

+0.29 

-0.44 
+  0.71 
+0.28 
-0.80 
+  0.08 
-0.11 
+  0.83 
-0.37 
-0.18 
+  1.42 


+  3.9 

-  0.1 

+  2.8 

-  4.8 

-  3.2 

-  3.6 

-  2.1 

-  3.8 
+  10.3 

-  6.8 
+  5.4 
+  1.4 

-  4.0 
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A  ST  itoNo.M  ic  A  I,    .1(1  r  i;n  a  l. 


No-  3(>ii 


Plaee  of  Obsen-ation 


51 

Leipzig 

52 

Kieiusiiuinster 

53 

Krakau 

54 

Athens 

55 

Krakau 

5G 

Kiiuigsberg 

57 

Rome 

58 

Krem.smUnstei 

59 

Krakau 

Berlin  Mean  Time 
1879 


Sei.t. 


ir..;?sr.i5 
i(;.;!.".<Mj'j 
i(;.;;is;>;i 

17.'.'714l 
17..!i:5G>» 

1 7.;i(;4i.H; 
is.;n;tL';{ 
]s.;{4.s(kS 

18.3 1141) 


Parallax 


+  0.22 
+  .28 
f-  .2<) 
2it 


+ 
+ 
+ 
+ 
+ 


.29 
.23 
.34 

.28 


+0.29 


IX 

SUr 

+  4.8 

38 

+  4.2 

3H 

+4.(1 

38 

+  2.9 

•/ 

+  3.9 

39 

+  47 

39 

+3.3 

11 

+  4.1 

41 

+  3.9 

41 

App.a 


ll         111  s 

12  54  7.10 
53  5l).73 
53  41.63 


13 


59  42.13 

0     1 .0() 

5  40.62 

5  50.04 

13     5  39.63 


App.  8 


+37  37  42.4 
37  39     2.5 

37  33  58.1 


3(; 
36 
36 
36 
+  36 


49.8 

J  4.0 
14.7 


Obs.- 
Ja  COS  8 


-Cal. 


+  0.38 

-0.13 

-0.11 

—  0.68 
-0.15 
-1.22 
-1.60 
+0.15 


j8 


+  3.8 
+   6.6 

-  1 1 7".8 


+ 
+ 
+ 
+ 
+ 


7.4 
5.9 
6.8 
2.6 
9.4 


60 
61 
-62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 


Koine 

Krakau 

KiMiigsberg 

KrenisniHnster 

Krakau 

Orwell  Park 

Orwell  I'ark 

Orwell  I'ark 

Krakau 

Pola 

Pola 

Rome 

Konigsberg 

Kreni.siniinster 

Dun  Edit 

Rome 

Orwell  Park 

Dun  Edit 

Orwell  Park 

Orwell  Park 


80 

Rome 

81 

Dun  Echt 

82 

Rome 

83 

Dun  E.ht 

84 

Sheffield,  U.8. 

85 

Rome 

86 

Rome 

87 

Gottingeu 

88 

Pola 

89 

Orwell  Park 

90 

Rome 

91 

Rome 

92 

Dull  Echt 

93 

Rome 

94 

Rome 

95 

Rome 

96 

Rome 

97 

Rome 

98 

Rome 

99 

Rome 

100 

Rome 

101 

Rome 

102 

Rome 

103 

Orwell  Park 

Oct. 


104 
105 
106 
107 
108 
109 
110 


Krakau 

Rome 

Rome 

Rome 

Rome 

Rome 

Pola 


I9.;!;ii4l 

19.29'.ISS 
19.3134(; 
20.34 169 
20.31349 
20.3SS39 
20.39125 
20.40038 
21. .Ill  49 
21.;!2S."i9 
21. .•{362  7 
22.:;  1754 
22.31325 
2.!.32951 
23.36383 
2l.;il603 
24.3.S575 
25.38739 
26.37606 
27.3(>834 


+  0.33 
+   .29  I 
+    .24  I 
+   .29  i 
+   .28 
+   .27 
+  .26 


2.28263 

2.39959 

3.29.349  ' 

3.35488 

4.5.5710 

5.29125 

.5.29125 

5.29606 

5.28400 

5.33438 

6.30946 

6.30946 

6.35306 

7.27649 

7.29789 

8.27644 

8.28921 

9.27619 

9.27619 

9.3061 5 

9.30615 

10.27187 

10.28801 

10.32193 

11.29298 

11.289.57 

12.27.371 

12.27.371 

12.29249 

12.29249 

13.27743 


+ 
+ 


.28 
.31 


+   .31 
+   .34 


+ 
+ 
+ 
+ 
+ 


.29 
.24 
.32 

.27 


+   .22 

+   .25 
+  0.25 


+  0.29 
+  .21 
+  .29 
+  .22 
+  .19 
+  .29 
+  .29 
+  .24 
+  .27 
+  .24 
+  .29 
+  .29 
+  .21 
+  .28 
+  .27 
+  .28 
+  .27 
+   .27 


+ 
+ 


.28 
.28 
57 


:v 


+  0.23 


+3.5 
+3.8 
+  4.5 
+4.0 
+  3.9 
+3.8 
+4.3 
+  4.5 
+4.0 
+3.7 
+  3.7 
+  3.4 
+  4.3 
+  3.9 
+  4.2 
+3.3 
+4.1 
+4.5 
+  4.3 
+  4.3 
"+3:f' 
+  4,6 
+  3.3 
+4.3 
+4.4 
+  3.3 
+  3.3 
+  3.9 
+  3.3 
+  4.0 
+  .3.4 
+  3.4 
+4.2 
+  .3.2 
+  2.9 
+  3.2 
+  3.2 
+  .3.2 
+  3.2 
+  3.4 
+  .3.4 
+3.2 
+  3.3 
+  4.0 


42 
40 
42 
47 
43 
47 
43 
44 
46 
45 
48 


49 
49 
50 
50 
51 
53 


i; 


54 

55 

56 

57 

60 

58 

59 

59 

61 

62 

63 

64 

63 

65 

65 

66 

66 

67 

68 

67 

68 

69 

69 

69 


11 
11 
11 
17 
17 
17 
17 
17 


33 
34 
39 
39 
44 
50 


13 


.39.38 
27.21 
41.57 
24.64 
16.61 
42.70 
44.79 
47.23 
55.59 
1.49 
4.00 


59.77 
12.68 
18.49 
42.,39 
55.29 
0.99 
1.87 


+  35 
35 
35 
34 
34 
34 
31 


28.5 
14.0 
55.7 
8.1 
44.3 
21.6 
L'o.l 


33  23  41.8 

33  22  50.4 

33  22  28.9 

9 


31 
31 

30 
30 

29 
28 

+  27 


31 
29 
25 
31 
33 
35 
37 


50.;; 
45.6 
32.4 
16.0 
30.7 
17.0 
15.9 


14 


14 


18 
18 
22 
23 
28 
31 
31 
28 
31 
31 
35 
35 
35 
39 
39 
43 

4;; 

47 
47 
47 
47 
51 
51 
51 


20.54 
52.07 
.50.72 
7.21 
23.07 
29.81 
.30.02 
6.22 
27.82 
41.96 
45.52 
46.02 
57.29 
44.64 
50.00 
47.47 
50.99 
44.95 
44.56 
52.08 
51.21 
36.51 
40.43 
49.76 


+22 
22 
21 
21 
20 
19 
19 
20 


37 
32 
37 
33 
19 
35 
.35 
0 


19  35 
19  32 
18  32 
18  33 
18  29 
17  33 


32 
32 


17 
16 
16  32 
15  31 
15  32 
15  30 
15  30 
14  31 
14  31 
+  14  28 


17.4 

15.0 

43.7 

47.1 

40.1 

12.5 

13.3 

33.8 

35.  () 

10.9 

57.1 

12.0 

59.1 

42.7 

29.7 

47.5 

3.7 
58.3 

4.6 
27.8 
26.1 
53.3 

1.9 
49.8 


+  1.34 
+0.34 
-0.38 
-1.68 
-0..35 
+0.03 
+  0.95 
+  0.39 
-0.17 
+  0.01 
—  0.05 


-1.98 
-0.49 
-0.17 
+  0.43 
-0.43 
+  0.34 
+  1.19 


0.5 


5.3 
4.1 
9.7 
-12.9 

-  4.7 


0.6 
5.5 
7.4 

9 


+  14.8 
+  6.1 
+  7.9 
-  7.4 
+  3.4 
-16.7 
+  26.7 


+  0.51 
+  0.33 
-0.11 
+  0.03 

-0.11 
+  0.09 

-0.28 
+  0.94 
-0..53 
-0.44 
-0.21 
-0.78 
-0.66 
-0.20 
+  0.23 
-0.19 

—  0.56 
-0.10 
-0.92 

—  0.55 
-0.38 
+  I.O0 


-1.30.2 

-  1.6 
+  12.1 
+  2.3 

+  12.8 
+  13.<; 

+  9.2 

-  9.5 
+  30.4 
+  .34.8 
+  2.8 
+  11.5 
+  16.6 
+  11.0 
+  13.7 

-  0.2 
+  6.1 
+  18.3 
+  16.6 

-  1.1 
+  6.0 
^  3.1 


+0.24 

+4.0 

70 

+   .27 

+3.3 

71 

+   .27 

+  3.2 

72 

+   .27 

+3.2 

73 

+   .27 

+3.3 

72 

+   .27 

+3.3 

73 

+0.26 

+3.4 

74 

14  ,55 
55 
59 
59 
59 
59 

15  2 


29.36 
29.65 
9.52 
9.26 
13.09 
12.82 
51.44 


+  13 
13 
12 
12 
12 
12 

+  11 


31 
30 
32 
32 
31 
31 
33 


21.9 
56.5 
33.1 
.38.4 
18.6 
28.3 
6.9 


+  0.97 
+0.04 
-0.67 
-0.92 
-1.06 
-1.51 
+0.39 


+  41.3 
+  2.9 
+  14.3 
+  .3.7 
+  6.9 
+  16.6 
+  5.1 
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Place  of  Observation 

Berlin  Mean  Time 
1879 

Parallax 

Star 

Apr 

.  a 

A  pp. 

S 

Obs.- 
Ja  cos  8 

-Cal. 
J8 

// 

li       ni 

8 

o             / 

It 

ft 

111 

Rome 

Oct.    13.27753 

+  (b26 

+  3.3 

74 

15     2 

50.71 

11  33 

5.2 

-0.35 

+  3.3 

112 

Rome 

13.27753 

+ 

.26 

+  3.3 

75 

o 

50.44 

11   33 

8.9 

-0.62 

+   7.0 

113 

Rome 

l;:!.2;)59(i 

+ 

.27 

+  3.4 

74 

2 

54.77 

11   32 

4.5 

-0.30 

+   8.2 

114 

Rome 

13.295<.m; 

+ 

.27 

+  3.4 

75 

2 

54.66 

11  32 

9.1 

-0.41 

+  12.8 

115 

Rome 

14.271(10 

+ 

.26 

+  3.3 

77 

() 

2(5.84 

10  33 

58.0 

+  1.00 

-51.4 

116 

Rome 

14.271C.(l 

+ 

.26 

+  3.3 

76 

6 

26.28 

10  33 

57.4 

+  0.50 

-52.0 

117 

Rome 

14.27160 

+ 

.26 

+3.3 

78 

(i 

26.48 

10  34 

4.9 

+  0.70 

-44.5 

118 

Orwell  Park 

15.31047 

+ 

.21 

+  3.9 

79 

10 

7.10 

9  34 

32.3 

+  0.52 

-12.0 

119 

Orwell  Park 

15.3;i(»95 

+ 

.21 

+  3.9 

80 

10 

11.33 

9  33 

20.9 

+  0.46 

-12.5 

120 

GiJttingen 

16.29552 

+ 

.21 

+  3.9 

81 

13 

31 .34 

8  28 

3.4 

121 

Rome 

17.26574 

+ 

.25 

+3.2 

82 

16 

49.41 

7  42 

51.0 

-0.58 

-  5.1 

122 

Rome 

17.2S035 

+ 

.25 

+3.2 

82 

16 

52.23 

7  42 

14.3 

-0.73 

+   7.8 

123 

Athens 

1.S.25175 

+ 

.26 

+  3.0 

84 

20 

9.00 

6  47 

18.4 

+0.45 

-14.8 

124 

Rome 

19.26596 

+ 

.25 

+  3.2 

85 

23 

29.02 

5  51 

12.2 

-0.37 

-  3.2 

125 

Rome 

19.27999 

+ 

.25 

+  3.2 

86 

23 

32.18 

5  50 

11.1 

+  0.04 

-17.9 

126 

Dun  Edit 

19.32144 

+ 

.19 

+3.2 

83 

- 

5  48 

11.9 

_ 

+   0.1 

127 

Dun  Et-Iit 

19.32951 

+ 

.19 

+  3.2 

83 

23 

42.26 

- 

+  1.33 

_ 

128 

Dun  Edit 

20.3261)8 

+ 

.19 

+  4.1 

87 

26 

56.66 

4  52 

59.2 

+  0.65 

-  6.8 

129 

Rome 

22.26855 

+0.24 

+  3.3 

88 

15  33 

5.28 

3     8 

32.7 

+  0.27 

+  15.6 

The  weis'ht  attributed  to  the  normal  place.s  is  propor- 
tional to  the  number  of  observation.s  collected  in  them. 
Since  five  of  the  places  have  nearly  the  same  number  of 


single  observatioiLS  T  have  given  to  each  of  them  the  weight 
1 ;  to  one  of  the  place.s  I  gave  the  weight  §.  The  data  re- 
lating to  these  nornial  places  are 


1S79 

8 

Ob.s.- 

-Cal. 

Obs.- 

-Cal. 

P 

Jtt 

j8 

V2'Jacos8 

Vi'-lS 

o          '            II 

0           /             ft 

It 

If 

II 

If 

'    I 

Aug.  26.0 

158     0  16.08 

+  48  26     6.66 

+0.38 

+  1.55 

+  0.20 

+  1.27 

II 

Sept.    8.5 

180  53     0.62 

43     9  36.15 

-0.88 

-1.85 

-0.(i4 

-1.85 

III 

Sept.  15.5 

192     9  26.70 

38  20  19.23 

-1.60 

+  1.40 

-1.27 

+  1.40 

IV 

Sept.  23.0 

203     3     6.63 

31  50  3(i.69 

+  2.27 

+  1.,S7 

+  1.93 

+  1.87 

V 

Oct.      6.0 

218  36  34.34 

18  52     3.09 

-1.21 

+  6.75 

-1.15 

+  6.75 

VI 

Oct.    15.5 

227  40  43.65 

9  24     1.60 

-0.86 

+  1.60 

-0.85 

+  1.60 

After  having  corapiuted  the  differential  quotients  according  to  Oppolzeij's  development  (II,  405),  the  twelve  equa- 
tions of  condition  were  f o\ind  to  be  the  following : 


9.30989 
m9. 80618 
nO.  10380 

0.28556 
nO. 06070 

9.92942 


7i7.93462rfr  +0.09223  dlog^   + 
?i8. 08012         +0.1.0317 
?i8. 07292         +0.09661 
?i8. 03659  +0.00456 

?i7. 91631         +9.78488 


=  n7. 79659 


0.10228  = 
hO.26717  = 
0.14613  = 
0.27184  = 
0.82930  = 
0.20412  = 


6.68993 
7.75107 
7.92182 
8.02951 
8.09102 
8.09370 


+  9.57539 

+  9.75896 
+  9.50123 
+  9.37366 
+  9.4-1691 
+  9.76106 
+  9.93367 


+   9.71688  c?7r 

-)-m9. 63569  sin/'d^'  +9.11376ri( 

+   9.80145 

+w9. 69945 

+  8.97242 

+   9.76263 

+  7(9.59602 

+  9.30182 

+   9.69375 

+  j(9. 36940 

+  9.43154 

+   9.51763 

+   8.82556 

+  9.43679 

+   9.35621 

+   9.39031 

+  9.31650 

+   8.99358 

+  9(8.90S68 

+  9.65244 

+  Ji9.211«0 

+   9.42630 

+  9.70617 

+  ((9.47107 

+   9.63234 

+  9.63353 

+  ((9.60944 

+   9.73836 

+  9.50978 

+  ((9.71  1.'.7 

+   9.7S913 

+  9.18090 

+  n9.734  69 

+   9.77727 

+  8.84586 

In  order  to  make  these  eciuatious  homogeneous  I  introduied  the  following  new  variables  : 
a;  =  8.09370fZr     ,     ?/ =  0. 1 531  7(nogg    ,     x  =  9.80415(7^'    ,     ^  =  9.78913sin(;'(Zg2 '    ,     M  =  9.70617d«' 
liy  this  tiie  above  equations  were  tran.sfoiined  into  the  following: 

8.48059  =   n9.84092«   +9.93906?/   +  9.912732   +)i9.84656«   +9.40756i( 

?t8. 97688  =  j(9. 98642      +0.00000     +  9.99730     +»9. 91032     +9.26625 

m9. 27450  =  7)9.97922      +9.94344     +  9.95818     +71.9.80689      +9.59.t65 

9.45626  =  71,9.94289      +9.85139      +  9.88960     +7(9.58027     +9.72537 

7i9. 23140  =  7(9.82261       +9.63171      +  9.71348      +   9.03643     +9.73062 

9.10012  =  7(9.70289      +9.42222     +  9.55206     +   9.60118      +9.61033 


6".  75 
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9. -.'7298  =  8.596-23  4-9.60.")79  +   l).l8!t-13  +Ji9.1 1!);')5  +9.'.t^6-.>7 

ny. 43787  —  9.65737  +9.3-I80G  +h9. 40765  +   9.63717  +0.0()U()0 

9.31683  =  9.82S12  +9.22049  +)i9. 66692  +   9.84321  +9.92736 

9.44254  =  9.93581  +9.29374  +«9. 805^9  +    9.94923  +9.80861 

0.00000  =  9.99732  +9.60789  +n9. 90742  +   0.00000  +9.47473 

9.37482  =  0.00000  +9.78050  +>t9. 93054  +   9.98814  +9.13969 


Tlie  solution  of  these  twelve  ei|ualtoii.s  l)y  incan.s  of  the 
method  of  leust  squares  guvc  for  tlieorigiiKil  unknown  rjunn- 
tities  the  following  values  : 

(It  =  +0.000  535 
d  log!/  =  +0.0000073 
dn'  =   +1".50 
dSl'  =   +3".63 
di'  =  —2".  45 

The  new  system  of  ekMiieiits  followed  fioni  this. 


n 

T  =  1879  Oct.  4  662  208 


Priili;ililc  i-rrors 
±0.000  381 


<o'  =   139   18     9.68 

Q'  =     82   14   41.06  !-K(|.  1879.0 


^1 
i6  I  K(i 


t'  =     79   19   28.32  ) 
r-'  =  221   32  50.74 
lt)g(y  =  y. 995  4633 

Refen-ing  Si',  i'.  m'.  n'  to    the    Kcliptic    of    l,S7'.t.O    we 
obtain 


±0".69 
±0".43 
±2".30 
±0.0000009 


bi  =  115  2(>  23.22  ) 
a    =     87  10  57.84  [  Ec-li 
/  =     77     7  52.04  ) 

n  =  202  37  21.(m 


ptie  1879.0 


The  six  normal  [ilaces  were  coniimted  with  the  new  sys- 
tem of  elements.  When  compared  with  the  oliserved 
places  the  residuals  prove<l  to  have  the  fdllowinn  values: 


Jul  co.s  8 


J8 


1 

-2.(;g 

+  2  04 

11 

-0.48 

-2.38 

II 

— o.(;4 

+  0.10 

\ 

+  2.39 

-0.27 

V 

-1.39 

+  3.42 

\-\ 

-1.51 

-2.19 

Instead  of  ten  changes  in  the  sign  that  might  be  expected 
there  are  .seven.  The  representation  of  the  declinations  is 
very  .satisfactory;  from  the  residuals  in  the  ritiht  ascension 
might  perliaps  be  suspected  an  effect  of  eccentricity.  But, 
since  the  numbers  are  small,  and  furthermore  the  inclina- 
tion of  the  orbit  is  77°,  a  new  discussion  leading  to  a  de- 
termination of  the  eccentricity  was  regarded  as  fruitless. 
The  orbit  of  the  comet  may  therefore  be  regarded  as  ade- 
quately represented  by  the  above  parabola. 


The  Unicersit!/  of  Chicago,  1805  Ifovember. 


NEW   ASTP]ROn)S. 

Through  the  courtesy  of  Prof.  Kkkutz,  information  hus  been  received  concerning  three  small  |iliincts.  all  supjiosed 
at  first  to  be  new.     One  was  discovered  by  Ch.\rlois  Dec.  9,  and  by  Wolk  Dec.  11. 

CE      11"       Dec.  9,  9"  4G'".0  Nice  M.T.       a  =  4"  24'"  28"  ,  (i  =   +18°  57'.      Daily  motion,  -CO'  in  u.  and  5'  southward. 
CF,  ll^.G  and  CG,  12".0,  both  found  by  Wolk,  Dec.  11,  have  proved  to  be  respectively  (352)  and  (175)  Aiidrowir/ip. 

XEW   A^IKIABLE   STARS. 


The  daily  jjapers  have  announced  a  so-called  new  star  in 
Centfwriis,  found  upon  the  ]>hotographs  taken  in  Peru  for 
the  Observatory  of  Harvard  College.  The  position  for 
1900.0,  published  in  the  Boston  Herald  by  Prof.  E.  C. 
Pir.KEKiNf;,  is  a  =  13''  34"'.3  ,  S  =  —31"  8'  and  the 
photographs  sliow  it  as  7". 2  on  two  plates,  and  10". 9  on 
another,  while  it  is  not  found  on  ])lates  taken  between 
1S89  and  1895. 

The  star  precedes  No.  5253  of  Dkkykk's  New  General 
Catalogue  by  1-.28  at  23"  S.     This  gives  for  1875.0 
u  =   13"  32'"  49'.9     .     a  =    -31°  0'.6 


It  is  clearly  —  31°1053(i  of  Thome's  Cordoba  J)iirrhmiis 
tertnif/,  there  given  as 

,i  =   13"  32'"  49".«     .     fi  =    -31°  0'.3         9". 5 


A  similar  announcement  from  the  same  Observatory 
states  that  the  star  D.M.  17°4367,  20"31'"4".0,  -17°4(>'.(; 
(1855.0),  9".],  has  been  found  by  Prof.  .\itTnrR  Skakle  to 
be  a  variable  of  the  Ahjol-ty\)e,  varying  from  9"  to  11"  or 
below.  The  period  is  about  4''  19"  12'";  and  an  approxi- 
mate niininium  was  observed  by  Prof.  Seahle  1895  Dec. 
12.  10"  42'".  (ireenw.  M.T. 


CORPvTGENDUM. 
Xo.  359,  p.  191,  Ephenieris,  hi  dates  for  U  Coronae  in  .January,    for    (i  and  l;i    put     5  and  12. 


COXTEXTS. 

DeFI.VITIVE    DbTKKMIXATION    dK   TUE   f)I!UIT   OF    CoMKT  1S79  V,    HV    l)l:.   Kl   l;j     I.AVES. 

New  Asteroids. 

New  Vauiamle  Stars. 

CoKKIfiENDrSI. 
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RESEARCHES  ON  THE  ORBIT   OF   F.70  OPIIIUCIIL  AND   ON  A  PERIODIC 

PERTURBATION   IN   THE   MOTION   OF   THE   SYSTEM   ARISING 

FROM   THE   ACTION   OF  AN   UNSEEN   BODY, 

liv  T.  J.  J.  SKE. 
While  engaged    recently  in    the   observation    of   double 


.stars  at  the  Leauder  MfC'orniick  Observatory  of  the  Uni- 
versity of  Virginia,  I  took  occasion  to  measure  F.70  Ophiiic/n 
on  three  good  nights  {A.J.  3i9).  On  comparing  the  results 
with  Schur's  ephemeras,  four  months  later,  I  noticed  with 
surprise  that  the  observed  angle  was  over  four  degrees  in 
advance  of  the  theoretical  place.  As  the  Virginia  measures 
had  been  made  under  favorable  conditions  and  with  ex- 
treme care,  it  became  evident  that  even  the  orbit  to  which 
Professor  Schur  had  devoted  so  much  attention  would  need 
revision.  Accordingly,  after  all  the  observations  had  been 
collected  from  original  sources  and  tabulated  in  chronologi- 
cal order,  I  proceeded  to  investigate  the  orbit  in  the  usual 
manner,  and  obtained  a  set  of  elements  very  similar  to 
tho.se  which  Burnham  has  given  in  Astronumi/  and  Astro- 
jihysics  for  June,  1893.  On  comparing  the  computed  with 
the  observed  places  there  appeared  to  be  a  sensible  irregu- 
larity in  the  angular  motion  ;  and  as  the  observed  places 
were  admittedly  exact  to  a  very  high  degree,  it  was  impos- 
sible to  attribute  such  large  and  Continued  deviations  to 
errors  of  observation.  It  was  also  observed  that  the  sign 
of  6„—6c  showed  a  peculiar  periodicity;  the  residuals  being 
for  many  j'ears  steadily  of  one  sign,  and  then  as  uniformly  of 
the  other.  After  making  some  unsuecessf id  efforts  to  correct 
the  apparent  orbit,  from  which  the  elements  had  been  de- 
rived by  the  method  of  Klinkerfues,  I  decided  to  project 
the  orbit  found  by  Schur,  so  as  to  compare  his  apparent 
ellipse  directly  with  the  places  given  by  the  mean  observa- 
tions for  each  year.  Though  I  was  aware  that  Schur's 
orbit  had  been  based  wholly  on  angles  of  position,  I  was  not 
a  little  surprised  to  find  that  the  distances  had  been  vitiated 
in  the  remarkable  periodic  manner  indicated  by  the  pointed 
ellipse  in  the  accompanying  diagram.  And  since  I  liad 
uniformly  adhered  to  the  use  of  both  angles  and  distances 
in  deriving  the  orbits  of  double  stars,  it  was  not  allowable 
to  violate  the  distances  as  Professor  Schur  had  done,  nor 
could  we  pass  over  such  remarkable  periodic  errors  in  the 
residuals  of  the  angles.     We  were  thus  confronted  with  a 


case  in  whicli  it  was  apparently  impossible  to  satisfy  both 
angles  and  distances.  A  closer  examination  of  the  diagram 
suggested  the  idea  of  a  periodic  perturbation,  alternately  in 
angle  and  then  in  distance;  and  the  drawing,  in  conjunction 
with  the  computations,  en.ibled  me  to  see  that  tlie  case  is 
one  worthy  of  specuil  attention.  After  some  delay  {A.J.  So.S) 
the  additional  observations  placed  at  my  disposal  by  Pro- 
fessors Hough  and  Comstock,  in  conjunction  with  the  in- 
dependent measures  made  at  Madisou  by  Mr.  Moui.ton  and 
myself  {A.J.  359)  confirmed  the  correctness  of  the  Virginia 
measures,  and  left  no  doubt  of  the  rapid  deviation  of  the 
companion  from  Schur's  orbit.  Before  considering  the 
physical  cause  of  this  unexpected  phenomenon,  I  desire  to 
remark  that,  in  the  preparation  of  this  paper,  Mr.  Eric 
DooLiTTLE,  C.  E.,  recently  an  instructor  in  Lehigh  Univer- 
sity, and  now  a  student  in  Physical  Astronomy  at  this  Uni- 
versity, has  rendered  me  valuable  assistance.  He  has  car- 
ried out  the  calculations  entrusted  to  hiui,  nut  only  with 
care  and  accuracy,  but  also  with  zeal  and  enthusiasm,  and 
has,  therefore,  contributed  in  no  small  degree  to  the  early 
completion  of  this  investigation. 

Since  Sir  William  Herschel's  discovery  of  the  system 
F.70  Ophiiichi,  1779  August  7,  the  companion  has  de- 
scribed considerably  more  than  one  revolution.  More  orbits 
have  been  computed  for  this  binary  than  for  any  other  in 
the  northern  sky,  but,  in  sjiite  of  the  immense  labor  which 
astronomers  have  bestowed  upon  this  star,  the  motion  has 
proved  to  be  so  refractory  and  so  anomalous  that  the  <(iiii- 
panion  has  departed  from  eveiy  orbit  heretofore  obtained. 
It  follows  from  the  phenomena  disclosed  in  this  paper  that 
the  system  contains  a  dark  body,  and  that  no  satisfactory 
orbit  can  be  obtained  until  this  disturbing  cause  is  taken 
into  account.  The  following  list  of  the  orbits  found  by 
previous  investigators  will  be  of  interest  to  astronomers ; 
in  most  cases  the  data  have  been  taken  from  original 
sources,  but  in  a  few  instances  I  have  relied  upon  the  table 
of  elements,  compiled  by  Gore  in  his  useful  "Catalogue  of 
Binary  Stars  for  which  OrViits  have  been  Computed." 

(1") 
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i' 

T 

e 

a 

£1 

i 

A 

Authority 

Source 

7S.862 

1806.88 

0.430 

4*3284 

O 

147.2 

46°42 

1 2.V;!7 

Eiiuke 

79.091 

1804.155 

0.34737 

5.554 

12.S.15 

64  2 

25!l.4 

Kiickt', 

1.S30 

H.J..  1832,  p.  295 

80..S4 

1807. Of. 

0,4667 

4.;!92 

137.03 

4.S.1 

145.77 

H('l'S(,-heI. 

i.s:{3 

.Mem.  R..V.S.,vol.  V.i).  217 

SO.C.l 

liSdC.T-tr. 

0.47715 

4.3159 

133..S 

42S7 

2.S7.2;{ 

.Miidl.T. 

1 8.35 

96.033 

1812.73 

0.4438 

5.316 

126.9 

64.61 

279.S 

.MiUll.T. 

1842 

A.N.  114 

87.52 

1807.60 

0.482 

4.675 

,  128.55 

51.5 

293.;5 

.llUMlll 

88.48 

1807.48 

0.4973 

_ 

122.23 

47.33 

294.1 

Hind. 

1S49 

M.N.,  IX,  p.  145 

92.338 

1810.671 

0.4445 

4.966 

127.35 

61.05 

212.97 

VillaiTi'uu. 

1S51 

C.H.,XXXn,  p.ol 

98.146 

180t;.;tL' 

0.546 

4.48 

111.7 

49.93 

187.5 

Vowell. 

1S55 

M.N.,XV,  p.  42 

93.10 

1 80S.  12 

0.4894 

" 

124.53 

55.27 

159.53 

Jacob, 

1857 

A.N..  1082 

95.966 

ISO.S.1'7 

0.4935 

4.7;q 

123.13 

57.35 

160.53 

Klinkeifiies, 

1858 

A.N.,1135 

94.37 

180.S.79 

0.49149 

4.704 

125.4 

57.9 

15.-,.  7 

Sclmr. 

1S6S 

A.N..16,S2 

92.77 

lS()7.<t 

0.,"S59 

4.88 

122.0 

62.0 

l(i;!.o 

Flaiinnaiioii 

1874 

C.1{.,LXXX1X,  p.  1248 

94.93 

1800.64 

0.47286 

4.770 

127.37 

60.0 

149.72 

Tisseraiid, 

1.S7(; 

Flam.  Cat.  Jit.  l)onl>..\K  IOC. 

94.44 

isos.;t(> 

0.4672 

4.790 

127.38 

58.08 

151.92 

I'riU-lianl. 

1,S7S 

Dxf.  Obs..I.  p.  63 

87.84 

1807.65 

0.4912 

4.50 

120.08 

58.47 

171.75 

(Jore, 

1888 

M.N.,XLVIII.No.5 

88.04 

1895.28 

0.4994 

4.45 

120.8 

57.0 

174.92 

]Maiiii. 

1 S90 

Sid.  Mes..  Nov.  1890 

88.3954 

18OS.O707 

0.4751 

4.60 

121.31 

60.0.S 

168.3 

Sclmr. 

1 893 

-V.N.  3220-21 

87.75 

1895.6 

0.50 

4.56 

123.5 

5S.:! 

litO.S 

Biiniliaiii. 

1 S03 

.\.sti-on.  and  .\stropli..  .lunc 

1893 

87.70 

1895.58 

0.500 

4.548 

125.7 

58.42 

1  its.  25 

See, 

1895 

I'npublislied 

An  inspeetion  of  this  table  discloses  the  fact  that  the 
early  investiijations.  .so  far  as  they  are  reliable,  led  to  periods 
sensibly  less  than  90  years,  while  the  determinations  made 
l)et\veen  1845  and  1880.  or,  wlien  the  comjianion  was  de- 
scribing the  apastron  of  the  real  ellipse,  favored  a  period  of 
at  least  94  years.  Thus  Tissekaxd  and  PKncii-^HD,  so 
lately  as  1876  and  1878,  find  periods  of  94.93  and  94.44 
years,  respectively.  In  1868  Schur  obtained  a  period  of 
94.37  years,  and  similar  periods  before  and  since  have  been 
deduced  by  other  trustworthy  computers. 

There  is  thus  unmistakable  evidence  of  a  retardation  in 
tlie  motion  of  the  companion  near  apastron  ;  more  recently 
this  inequality"  has  become  an  acceleration.  It  was  observed 
by  Gore  in  1888  that  the  old  orbits  did  not  rejjvesent  recent 
measures  satisfactorilj',  and,  accordingly,  he  derived  a  new 
set  of  elements  with  a  period  of  87.84  years,  whicli  was 
substantially  confirmed  by  subsequent  work  of  Max>-  and 
BuRNH.\M.  Finally  Professor  Schur  made  an  exliau.stive 
investigation  of  all  the  observations  up  to  1893,  and  adjtisted 
his  orbit  by  the  method  of  least  squai'es  to  about  400  mean 
observations  of  position-angle.  He  says  that  in  this  work 
he  could  not  advantageously  employ  the  measures  of  dis- 
tance, owing  to  the  differences  of  the  individual  ob.servers. 
The  angles,  Ixiwever,  were  admitted  to  be  admirably  adaj)ted 
to  a  fine  determination  of  the  elements,  and,  accordingly-, 
Professor  Scuvr's  able  discussion  of  400  observations  in- 
spired the  belief  that  his  orl)it  would  give  good  i)laces  of 
tlie  companion  for  a  great  many  years,  if  not  for  an  almost 
indefinite  period.  Hut  this  just  expectation  has  not  been 
realized,  owing  to  the  action  of  an  unseen  body  whicli  dis- 
turbs the  elliptical  motion  of  the  companion.  To  establish 
the  existence  and  general  character  of  the  perturbations 
thus  disclosed  we  submit  the  following  considerations : 


i  (1)  A  reference  to  Professor  Schur's  able  and  exhaus- 
j  tive  paper  in  the  AstroiiomisKhe  Narhrirhten,  no.  3220,21, 
j  will  enable  the  reader  to  judge  of  the  improbability  of  an 
orbit  based  on  such  a  multitude  of  good  measures  proving 
to  be  defective  within  two  3-ears  of  its  completion,  unless 
disturbing  causes  were  at  work  to  produce  the  sudden  accel- 
eration in  angular  motion.  It  is  inconceivable  that  this 
rapid  deviation  could  take  place  without  a  true  jdiysical 
cause.  The  error  in  the  angle  now  amounts  to  about  five 
degrees. 

(2)  In  regard  to  the  older  observations  we  may  remark, 
as  Professor  Sciuk  and  others  before  him  have  done,  that 
Sir  William  Hkkschel's  angles  are  open  to  some  uncer- 
tainty, owing  to  a  possible  error  in  the  reading  or  in  the 
records  ;  so  that  his  observations  do  not  give  an  exact  or 
trustworthy  criterion  for  the  jieriod.  Herschel  saj"S,  how- 
ever, explicitly,  that  on  "  Oct.7, 1779,  the  stars  were  exactly 
in  the  parallel,  the  following  star  being  the  largest;  "  and, 
as  it  does  not  seem  that  any  sensible  error  could  affect  the 
angle  which  he  has  thus  recorded,  we  see  from  the  measures 
in  1872-3  that  the  resulting  period  would  beapjjroximately 
92  years.  This  is  an  additional  indication  that  the  period 
of  this  star  is  not  constant.  A  careful  examination  of  the 
other  early  measures  shows  that  the  first  really  good  posi- 
tion is  that  of  Stkuve  in  1825.  These  measures  are  so 
uniform  and  consistent,  and  appear  in  evei-y  way  so  worthy 
of  entire  confidence,  that  I  quote  the  record  from  tke  Men- 
surae  Micro  met  rlcae  in  full : 
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.•!.'.I2 

181';->.G.S 

147.3 

3.85 

is2r..(;3 

148.4 

3.'.»'.l 

isL'r..(;4 

147.0 

4.01 
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148.5 

t.Ol 

4  .0 

1825.71 

148.8 

4.02 

1825.5(; 

148.2 

3.98 

14/1     Sihtuvi' 

Moan 

An  examination  of  tliese  .separate  measures  clearly  indi- 
cates that  the  error  in  the  mean  result  does  not  .surpass  0°.5 
in  angle,  and  0".l  in  distance.  By  Schub's  orbit  the  angle 
is  corrected  two  degrees,  and  when  the  radius  vector  is  tlius 
thrown  forward  to  146°.2  the  computed  and  observed  dis- 
tances are  nearly  identical.  As  Struve  took  special  pains 
to  secure  good  measures  on  a  large  number  of  nights,  and 
obtained  the  foregoing  beautiful  and  consistent  results, 
we  may  regard  his  mean  position  as  one  of  the  higliest 
precision.  The  probable  error  of  sucli  measures  would 
evidently  be  very  small. 

(3)  We  see  from  the  diagram  illustrating  the  a|iparent 
ellipse  that  Schub's  orbit  falls  within  the  positions  given 
by  tlie  measures  prior  to  1845  ;  so  that  nearly  all  tlie  obser- 
vations of  Stkuve,  Bessel,  Dawes,  Madlek,  etc.,  require 
a  sensible  negative  correction  in  distance.  In  figure  B  the 
differences  p„—p^  of  the  individual  measures  used  by  Schuk 
are  plotted  to  .scale,  and  a  glance  at  the  figure  will  show 
the  improbability  of  such  classic  observers  as  Stkuve,  Bes- 
sKL  and  Dawes  making  the  constant  errors  here  indicated. 
It  would  be  still  more  remarkalile  if  the  observers  between 
1845  and  1870  have  as  uniformly  erred  in  the  opposite 
direction.  How  has  it  happened  that  from  1825  to  1845 
the  distances  were  steadily  overmeasured  by  the  best  obser- 
vers, while  during  the  next  period  the  distances  were  con- 
.stantly  uudermeasured'.'  Individual  observers  have  what 
may  be  called  a  personal  equation  (though  this  is  far  from 
constant  and  is  difficult  to  determine  with  any  certaintj-) 
but  it  could  not  happen  that  all  the  best  observers  would 
err  alike,  although  in  opposite  directions,  during  tlie  two 
jieriods.  Professor  Schur's  corrections  are  evidently  inad- 
missible. 

(4)  The  peculiar  periodic  manner  in  wliich  Schur's 
apparent  ellipse  crosses  and  re-crosses  the  general  path 
which  best  represents  the  mean  positions,  first  suggested  to 
my  mind  the  hypothesis  of  a  disturbing  bod}^  Figure  C 
is  based  upon  these  mean  positions,  and  a  comparison  with 
the  curve  in  B  shows  that  the  mean  positions  are  tj-pical  of 
all  the  observations  for  any  given  year.  Since  I  was  desir- 
ous of  avoiding  any  possible  prejudice  of  the  material  used, 
I  have  retained,  without  alteration,  the  mean  positions  which 


had  been  formed  in  August  before  suspecting  the  existence 
of  a  disturbing  influence. 

(5)  We  suggest  that  the  comiianion  of  F.70  (Jiiliinchi 
is  attended  by  a  dark  satellite,  and  that  the  visible  compan- 
ion, therefore,  moves  in  a  sinuous  curve  about  the  common 
center  of  gravity  of  the  new  system,  witli  a  j)eriod  some- 
what less  than  40  years,  and  in  a  retrograde  direction.  As 
Schur's  orbit  is  based  on  a  least-square  adjustment  of  all 
the  observations  extending  over  two  entire  revolutions  of 
the  invisible  body,  it  may  reasonably  be  inferred  that  his 
ajqiarent  ellipse  will  represent  very  nearly  the  true  motion 
of  the  center  of  gravity,  while  the  apparent  ellipse  which 
best  represents  the  observed  distances  will  give  a  general 
outline  of  the  jjath  of  the  visible  star  in  its  sinuo\is 
motion.  Let  us  recur  to  tlie  diagram  of  the  apparent  ellipse 
and  inuigine  that  the  visible  companion  and  the  center  of 
gravity  are  in  the  tangent  to  the  ellipse  at  the  epoch  of  in- 
tersection in  1818.  Then,  the  motion  of  the  visible  star 
being  retrograde,  we  perceive  that  it  will  gain  steadily  on 
the  center  of  gravity,  and,  in  1830,  the  two  will  be  in  line 
with  the  original  position,  after  half  a  sidereal  revolution ; 
from  1836  to  1845  the  satellite  will  make  another  quarter 
revolution,  aud  again  the  bright  companion  will  be  in  tlie 
tangent  to  the  apparent  ellipse  and  in  advance  of  the  com- 
mon center  of  gravity.  As  the  visible  star  will  now  steadily 
fall  behind  in  its  retrograde  motion  about  the  center  of 
gravity,  it  is  clear  that  from  1845  to  1872,  which  is  tliree- 
fourths  of  a  revolution,  the  motion  of  the  bright  body  ir'dl 
aitpuur  ti)  he  ahnormaUy  alow.  This  is  the  apparent  retard- 
ation previously  mentioned  as  giving  rise  to  the  long  periods 
found  by  computers  who  used  observations  extending  over 
the  apastron  portion  of  the  real  orbit.  Assuming  that  the 
motion  is  undisturbed,  and  hence  that  the  areas  are  con- 
stant. Professor  Schuk  was  compelled  to  run  his  ellipse 
further  out  in  this  part  of  the  orbit  in  order  to  represent 
the  observed  angles.  From  the  diagram  we  see  that  the 
retrograde  motion  of  the  visible  star  continues  after  1872, 
aud,  as  this  apjiarently  accelerates  the  visible  motion  of  the 
companion  relative  to  the  central  star,  Schur's  ellipse  is 
drawn  inside  of  most  of  the  observations  of  this  period. 
The  falling  of  the  measured  distances  beyond  Schur's 
orbit  shows  plainly  the  periodic  motion  of  the  visible  star 
in  accordance  witli  tlie  above  theory.  From  this  sketch  of 
the  effects  of  tlie  disturbing  body  it  is  evident  that,  at  the 
time  ScHUB  completed  his  orbit,  the  visible  star  and  the 
unseen  body  were  nearly  in  line  witli  the  central  star.  And 
since  the  visible  companion  in  1825,  according  to  Stkuve, 
had  an  angle  of  148°.2,  whereas  Schur  makes  it  146°.2,  or, 
substantially  the  same  as  the  center  of  gravity  at  that  epoch, 
it  follows  that  our  hypothesis,  making  Schuk's  orbit  repre- 
sent the  motion  of  the  center  of  gravity,  is  indeed  very 
nearly  correct.  Any  slight  correction  that  may  be  required 
for  the  periastron  of  Schur".s  ellipse  in  order  to  make  it 
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represent  the  true  path  of  the  center  of  gravity,  had  bet- 
ter be  deferred  until  additional  observations  disclose  nu.re 
clearly  the  nature  and  extent  of  the  perturbations. 

((!)  We  may  tix  the  ai»proximate  elements  of  the  visible 
companion  about  the  center  of  gravity  as  follows :  From  1S18, 
to  1S90.  or  72  years,  is  tlie  time  required  for  two  revolu- 
tions, as  explained  in  the  preceding  jiaragraj)!!,  and  hence 
we  see  that  the  period  Is  ajipi-oxim<ife/i/  t/ilrti/-x!x  i/ears. 
The  motion  is  retrograde,  and,  from  the  diagram  of  the 
apparent  orbit,  we  may  conclude  that  the  distance  of  the 
visible  star  from  the  common  center  of  gravity  is  about  0".3. 
It  is  natural  to  suppose  that  the  jilane  of  the  orbit  is  not 
greatly  inclined  to  that  found  by  SriiUR,  but  existing  data 
will  not  fix  all  the  elements  with  the  desired  precision. 
Perhaps  until  the  patli  of  the  center  of  gravity  is  known 
with  great  accurai-y,  the  simple  hypothesis  of  a  circular 
orbit,  with  node  and  inclination  identical  with  the  similar 
elements  of  the  visible  pair,  will  be  sufficient  to  exjtlain 
idienoniena,  and  it  follows  that  Imt/i  anyles  and  dkfnnrex 
are  well  represented  bij  this  hypothesis. 

(7)  As  Professor  Sciuk  has  given  a  very  complete  list  of 
measures  for  F.70  Ojjhiuchi,  1  shall  in  this  \>A\>ev  content 
myself  with  adding  such  observations  as  have  been  made 
since  the  publication  of  his  results  in  1893  (A.N.  3220-21.) 
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In  the  following  table  we  have  compared  Schi'r's  ele- 
ments with  the  mean  positions  for  each  year ;  the  residuals 
are  given  in  the  cohunns  headed  0,,—  di  and  p„— p,.  It  is 
at  once  evident  that  the  angles  arc  beautifully  represented 
down  to  1893,  after  which  the  error  in  angle  rajiidly  accu- 
mulates until  it  now  amounts  to  nearly /''•''  ili'i/ref.i .'  The 
errors  in  di.stance  are  illustiated  in  diagram  (',  which  shows 
the  same  general  features  as  diagram  li,  where  the  points 
represent  tlu>  individual  measures  employed  by  Schik. 
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1831.58 

135.1 
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1832.62 
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T)a.  8;  Be.  5 

1833.42 

132.8 

6.14 

-0.2 

+  0.61 
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-0.034 
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Dawes 

1834.55 

130.8 

6.04 
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1.S42.57 
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6.57 

+0.1 
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-0.01 
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02.8;  Mii.  3;  Da.  2;  Ka.  22 

1842.60 
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1843.55 
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6.66  1  -0.7 

+0.03 

-1.36 

+0.01 

-0.158  1    10 

Ek..^.:  Mii..^, 
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1845.48 

1846.4() 

1S47.47 

]  848.38 

1849.3i) 

1850.55 

1851.54 

1851'.(;i) 

1853.57 

1854.48 

1855.52 

1856.43 

1857.52 

1858.39 

1859.06 

18(;(f.7(» 

1861.07 

1862.59 

1863.54 

1804.54 

]8()5.5() 

1866.43 

1867.50 

1868.65 

1869.80 

1870.51 

1S71.5() 

1872.51 

1873.56 

1874.61 

1875.61 

1876.57 

1877.60 

1878.58 

1879.57 

1880.59 

1881.56 

1882.60 

1883.62 

1884.56 

1885.61 

1886.61 

1887.68 

1888.62 

1889.53 

1890.57 

1891.59 

1892.52 

1893.02 

1894.69 

1895.32 

1895.64 


d6" 


-0.101 
-0.190 
-0.112 
-0.112 
-0.036 
-0.118 
-0.121 

—  0.073 
+  0.014 
-0.081 
+  0.o;>,9 

-0.046 
-0.005 
-0.116 
-0.048 

—  O.03O 

—  0.052 

—  0.002 
+  0.019 
+  0.082 
+  0.021 
+  0.044 
+  0.038 
+0.101 
+  0.109 
-0.032 
+  0.099 
+  0.105 
+  0.031 
+  0.183 
+  0.113 
+  0.093 
+  0.104 
+  0.134 
+  0.115 
+  0.093 
+  0.172 
+  0.137 
+  0.094 
+  0.077 
+  0.026 
-0.031 
-0.036 
-0.075 
-0.082 
-0.090 
-0.141 
-0.142 
-0.094 
-0.195 
-0.280 
-0.221 


30 

18  + 

13  + 

9 

5 

18 

24 

37 
21-12 
57-54 
20-13 

32 

20 

18 

20 

8  + 

17 

19 

29 

13 

43 

25 
14-13 

22 

11 

12 

22 

23 

14 

17 

21 

31 

50 

18 

47 

33 

11 

30 

45 
31-29 
30-28 
46-44 
29-28 
30-35 
37-34 

46 

oo 
OO 

34 
19-20 
30-29 

3 
20-18 


Observers , 


I'o.  :3-0 


Hind,  9;  02.5;  Mii.  16 

Ja.  1  ;  IlimI,  7;  Diir.  Obs.— ;  Mii.  10 

02.4;  Dur.  Obs.  — ;  Mit.  1;  Mii.  8 

Da.  3;  Mii.  4;  Bon.l,  2 

O.  Striive 

Had.  8;  W.  &  J.  2;  Mii.  4;  Fit.  4 

Mii.  4;  Fit. 8;  02.5;   Mii.  7 

YM.i-,;  OS..-.;  Mii.  11;  .la.  15 

Po.  n-0  ;  Dem.O;  Da.  l> 

Ja.21;  .(a.2;  02. C;  Dem.l2;  Mii.  10;  Da.  3 

Lu.  2;  Sr.3;  Winn.  1  ;  Mii.  5;  Da.  2  ;  Po.  7-0 

02..');  Ja.  7;  Mii. 3;  Winn. 8;  Sec. 3;  Dem.O 

.Ja.3;  Winn.  1;  Sec.  4;  Da.  2  ;  Deni.  4;  Mii.  2;  02.4 

Ja.3;  Mo.  2;  Dem.4:  Mii.  9 

02.5;  Da.  4;  An.  5;  Po.  5;  Mii.  1 

Sec.  8;  Lu.  — ;  An.  5 

Rad.  1;  Mii.  7;  An.  li;  Po.  3 

02.3;  Winn.  1;  Dem.  !);  Mii.  6 

Aah.ll;  Sec.  2;  Deni.i):  Ta.  1  :  Fer.  1:  HI.  5 

En.  2;  Deui.ll 

En.  8;  Sec.  4;  Dem.  9;  Ta.  2;  Ka.20 

Dem.  8;  02.5;  Ta.  5;  Harv.4;  Sec.  3 

Rad.  1;  Kn.2;  Ta.  1-0;  Dem.  7;  Harv.3 

Dem.  7;  Kn.2;  Had.  2;  Du.4;  02.2;  Brw.  5 

Du.3;  Dem.  8 

G1.2;  Dem.  8;  Ta.  2 

W.&S.2;  l!ad.2;Pei.2 

Brw.  2;  Fer.  3;  Rad.  2 

(Jl.  1;  Dem.  8;  W.  JfcS.  1;  Ta.  1;  Rad.  3 

Rad.  4;  Dem.  8;  Ta.  1 ;  02.3;  Gl.  1 

Dem.  9;  Sch.8;  Rad.  4 

Sclmr.5;  Dk.2;  Dem. 7:  PI.3;  Scli.6;  HI. 3;  Jed.4:  Wdo.l 

Dem. 8:  Dk.2;  H1.4;  .Jed.lO;  P1.8;  Sch.lO;  Cin.4:Schur,4 

Dem.  7;  Sea.  3:  Dk.4:  Gold.  4 

Cin.  18;  Sch.lO;  HI. 5:  Cin.o;  .Sea.4;  Jed.5 

Dk.3;  Fr.6;  Hl.O:  Sch.lO;  Jed.6;  Sea.  2 

Dk.2;  HI.  5;  Big.  2:  Sea.  2 

H. C.W.I;  Dk.2:  HI.  7;  Sch.9;  Jed.4;  Sea.3:En.4 

Per.4;  Harv.8;Sch.  15;  Jed.6;  Kii.3;  Sea.3;  En.  (5 

H.C.W.  1;  Pr.  1;  Per. 6;  HI. 7;  Sch.8;  En. 5;  Sea. 3-1 

Per.4;  Sea.  4-2;  HI.  7;  En.  8;  Sch.2;  Jed.5 

HI.  7;  Per.  7;  Jed.  7;  Sch.  14;  En.  7;  Sm.4-2 

Sm.l-O;  Hl.O;  Sch.l8;  Tar.4  [Tar.  6 

Com. 3;  Maw,4;  Hl.O;  Giae.3;  Sch. 10-9:  Lv.l:  Cop.3; 

/3.  2;  Hod.  2-0;  Com.  5;  HI.  6;  Maw,  5;  Sch.  17-16 

Gla.s.2;  Giac.8;  HI.  7;  Maw,  3;  Well.  1;  Big.  16;  Sch.9 

Maw,4:  HI. 6;  Knr.6;  Sch.6;  See2;  Big.9 

(3.4;  Col.  1:  Maw,  3;  Com.  4;  Big.5;  Sch.  17 

Maw,  3:  Com.  5;  H.C.W.  0-1;  Sch.  11 

Maw,  3:  Knr.  12-11:  Com.  4;  Sch.6;  Big.5 

.See 

Maw,4;  Com.  3;  Ho.  5;  See  5;  MouIton,3-l 


Dem.S;  Ta.l;  Kn.3:  G1.3;  Du.l 
Dem.  9;  W.  &S.3;  02.4 


Tlie    elements    of   the  orbit  which    best   represent.s  the 
observed  distances  are  as  follows : 

P  =  88.3954  years  »  ^  ,        , 

T  =   1808.0707        jf^oHUKs  values 

«  =  0.500 


a,   = 

4".548 

9,  = 

125°.7 

;  = 

58\42 

I  == 

198°.25 

n   = 

-4°.0728 

THE     AST  KttN  o.M  IC  A  I-     ,l(»l    KNAL. 


N°-  3(53 


=  '.I'M  HI 

=  4".  17 

=  12U''\il 

=  295°..S 


AiijKifeiit  orl)it : 

Leiij,'tli  of  major  axis 

Length  of  minor  axis 

Angle  of  major  axis 

Angle  of  jieriastron 

Distance  of  star  from  eenter   =   2". IDS 

Tlie  values  of  /'and  7' are  taken  from  Si'1ii'k"s  orbit, 
lieeause  the  values  of  these  elements  derived  from  so  many 
observations  may  he  regarded  as  very  nearly  tiie  mean  of  all 
tlie  periods  and  e]MK'hs  wliieh  result  from  the  observations 
prior  to  IS!).'?.  The  residuals  whieli  follow  from  the  use  of 
these  elements  are  given  in  the  eolnnins  marked  6„— 6.,  and 
p„—p-.-  In  case  of  the  second  elements  the  i)eriodic  errors 
in  angle  are  very  noticeable,  but,  as  the  sini]>le  differences 
fl„— ftj  would  not  be  strictly  com|>aral)le  at  different  dis- 
tances, we  have  reduced  all  these  angular  displacements  to 
seconds  of  the  arc  of  a  great  circle  by  the  formula 

o*  .3 
where  /■"  denotes  the  apparent  length  of  the  radius  vector 
in  seconds  of  are,  and  (6„— fl„)°  the  residuals  of  position- 
angle  expressed  in  degrees.  The  displai'enient  <I6"  is  tabu- 
lated and  also  illustrated  grai)hically  in  diagram  A.  It 
will  be  seen  that  the  maximum  or  minimum  displacement 
in  angle  is  practically  identical  in  time  with  the  zero  of  the 
curves  of  distance  in  i>  and  (' ;  and  that  the  zero  of  the 
curve  of  angles  corresponds  to  the  maximum  or  minimum 
of  the  curve  of  distances.  This  disiilacement  of  phase 
would  be  a  necessary  consequence  of  the  orbital  motion  of 
the  visible  companion  about  the  common  center  of  gravitj', 
and  may  be  .said  to  establish  completely  the  reality  of  that 
phenomenon.  The  present  theory  does  not  require  the 
sever.ll  phases  of  the  curves  to  be  of  equal  length,  since 
the  tangent  to  the  ellipse  itself  revolves  very  unequally  in 
different  parts  of  the  orbit,  and  the  zero  of  the  curve  of 
distaiu'C,  for  example,  dei)ends  on  the  coincidence  of  this 
tangent  with  the  line  connecting  the  bright  with  the  dark 
IhmIv. 

(S)  The  problem  here  presented  of  Kiuling  the  elements 
of  the  orbit  of  the  visible  companion  from  irregularities  in 
the  elliptical  motion  is  very  much  more  difficult  than  those 
arising  from  the  irregidar  proper  motioiis  of  perturbed 
stars,  such  as  Siring  and  J-'i-iiri/mi.  In  case  of  the  phe- 
nomena first  investigated  by  Hessei,,  the  center  of  gravity 
of  the  system  moves  uniformly  on  the  arc  of  a  great  circle  ; 
but  in  this  case  the  center  of  gravity  moves  on  the  arc  of  a 
very  small  ellipse  and  with  a  velocity  which  follows  a  very 
complex  law.  Indeed  the  velocity  at  any  jtoint  of  the  orbit 
is  inversely  as  the  perpendicular  from  the  central  star  to 
the  tangent  to  the  ellipse  at  the  point  in  cjuestion  ;  and,  as 
the  central  star  may  in  general  occupy  any  point  whatever 
of  the  aiq)arent  ellipse,  we  see  that  the  velocity  varies  in 


an  extremely  complicated  manner.  In  view  of  these  facts 
it  seems  best,  especially  from  the  jjoint  of  view  of  j)racti- 
eal  double-star  work,  to  determine  first  of  all  the  path  <d' 
the  center  of  gravity  and  the  elements  of  its  orbit.  Sup- 
pose we  designate  the  rectangular  coordinates  of  this  cen- 
ter, relative  to  the  j)rinciple  star,  by  x',  i/';  and  the  coordi- 
nates of  the  visible  companion  referred  to  the  same  origin 
by  X,  y;  then  if  «  and  p  denote  the  differences  of  these 
coordinates,  the  observations  will  furnish  a  series  of  equa- 
tions of  the  form  : 


«i    =   •'^1  -'i 

«4     =     ^i-^i 

«-.  =   ■»;,'  — a;. 


Pi  =   .'/I  -.'/i 

Mi  =   yi  -  Ik 

At  =    //a'-y» 

ft  =  yi-y-. 


p.. 


.'/„ 


Five  points,  each  determined  by  two  such  ecpnitions,  are 
theoretically  sufficient  to  fix  the  elements  of  the  orbil  of 
the  visible  star  about  the  common  center  of  gravity  ;  a 
larger  number  of  equations,  when  combined  in  an  adxan- 
tageous  manner,  so  as  to  render  the  errors  of  observation  a 
minimum,  will  make  the  determination  more  exact,  and 
define  the  elements  with  the  desired  precision.  In  case  of 
F.70  Oj>hii(cht,  ScnuR's  orbit  is  to  all  appearances  a  good 
first  approximation  to  the  path  of  the  center  of  gravity, 
but  it  does  not  seem  worth  while  to  enter  ujion  the  more 
refined  analysis  here  indicated  until  additional  measures  of 
the  visible  companion  have  confirmed  the  accur.acy  of  this 
hypothesis.  Apart  from  these  theoretical  difficidties,  the 
sensible  perturbations  of  the  central  star  upon  the  motion 
of  its  attend.int  system  will  give  rise  to  obstacles  which 
are  scarcely  less  formidable. 

(9)  While  we  have  spoken  of  the  dark  body  as  attend- 
ing the  companion,  it  is  clear  that  similar  phenomena  would 
resiilt  from  the  action  of  a  body  revolving  round  the  cen- 
tral star.  In  this  case,  however,  the  considerable  distance 
which  would  result  from  a  jieriod  of  36  years  might  render 
the  stability  of  the  system  somewhat  pi-ecarious,  especiallj- 
if  the  orbit  be  eccentric  like  that  of  the  visible  companion. 
And  as  there  is  every  reasoii  to  su])j)Ose  that  the  system  is 
the  outgrowth  of  nebular  condensation,  and  is,  therefore, 
adjusted  to  conditions  of  stability  and  permanence,  it  is 
more  natural  to  regard  the  companion  as  the  binary.  In 
this  case  the  small  mass  might  give  rise  to  a  jjeriod  of  3(> 
years  even  if  the  pair  be  very  close.  The  separation  of  the 
new  system  is  not  likely  to  be  less  than  ()".4,  and  it  may  be 
more  than  twice  that  distance.  If  we  adopt  the  parallax 
of  0".2  employed  by  Schur  {A.N.  3231)  it  will  follow  that 
the  major  semi-axis  of  the  orbit  of  the  visible  conii)anion 
is  22.74  a.stronomical  units,  and  the  combined  mass  is  some- 
what less  than  1.6  that  of  the  sun  ;  and  hence  we  conclude 
that  the  orbit  of  the  visible  companion  about  the  common 


N"-  363 


HK     .VSTltONOMlCAL     JOURNAL. 


23 


center  of  gravity  has  a  major  semi-axis  of  1.5  astronomical 
units.  Therefore,  whiki  the  bright  corajiaiiion  describes  an 
eccentric  orbit  with  a  major  axis,  which  is  about  a  mean 
between  those  of  (h'lniKs  and  Neptune,  the  action  of  the 
(hu'k  body  causes  it  to  describe  anotlier  ellipse  correspond- 
ing in  size  to  that  of  the  planet  Jtlars. 

(10)  With  regard  to  the  present  position  of  the  dark 
body  we  remark  that  an  exact  prediction  is  difficult,  but 
the  general  indications  are  that  it  lies  approximately  in  the 
direction  of  330°.  As  the  companion  is  now  near  perias- 
trou,  the  present  is  a  favorable  opportunity  for  searching 
lor  the  dark  body,  since  in  this  position  the  orbit  will  be 
expanded  owing  to  the  perturbations  of  the  central  star. 
In  case  it  should  be  imagined  that  the  unseen  body  attends 
the  central  star,  it  would  be  natural  to  locate  it  in  the 
direction  of  220°. 

(11)  Many  years  ago  a  disturbing  body  in  the  system 
of  F.70  Oj>hiiir/ii  was  snsjwcted  by  Jacob  and  Sir  John 
Hkuschel,  and  on  two  occasions,  more  recently,  Buknham 
has  searched  for  it  without  success.  After  examining  both 
stars  with  the  Dearborn  l.S-inch  refractor  in  1878  he  adds: 
"  Both  stars  round;"  while  a  still  more  critical  search  with 
the  Lick  3(i-iuch  refractor  led  him  to  remark  :  '•  1  could  not 
see  any  third  component  and  both  stars    appeared  to  be 


rouinljwith  all  powers."  In  sjiite  of  this  negative  evidence, 
observers  with  great  telescopes  will  find  this  system  worthy 
of  special  exanunation.  Whatever  be  the  result  of  optical 
search  for  the  unseen  body,  it  will  now  become  a  matter  of 
great  interest  to  measure  the  visible  companion  with  tlie 
most  scrupulous  care  until  the  nature  and  extent  of  its  per- 
turbations are  fully  established. 

The  Utiiverxil;/  of  (.'hicaijo,  1895  November  '.). 


Note.  The  folhjwing  observations,  made  witli  tiie  Giit- 
tingen  heliometer,  luive  just  been  received  from  Professor 
ScHUU: 


SI 

eadiness,  definition 

t 

e« 

/"  [ 

1  =excfil.;  4  =l)ad] 

1894.51 

313.5 

2.29 

4  ,  4 

1 894.56 

304.1 

2.24 

3  ,  3 

1894.56 

306.2 

2.35 

3  ,  3 

1894.78 

301.6 
306.35 

2.17 
2.263 

•3  ,  3 

1894.602 

■In,  ,   Schur 

1895.40 

305.3 

2.22 

3  ,  3 

1895.41 

303.2 

2.40 

3  ,  3 

1895.41 

300.9 

2.43 

3  ,  3 

1895.53 

303.0 

2.22 

3  ,  3 

1895.81 

295.7 

2.27 
2.308 

3  ,  3 

1895.512 

301 .62 

5»t  ,  Schur 

A  I^EW  VARIABLE   IN   8CULPT0E* 

Arg.Gen.Catal.  404  =  C.DM.  — 3S°13S.         a  =  0'-  23'"  2".8,         S  =  —38"^  35'  .')8".2,     (1875.0) 

By  ROBEKT   H.  WEST. 

This  star  is  given  in  the  list  of  suspected  variables  in 

the  introduction  to  the  Cordoba  Durehimistera nr/,  Part  II, 

where  tlie  fiiUowing  data  are  given  : 


1889  Nov.  25 

189(1  Oct.  14 

1892  Nov.  22 

Dec.  15 


8.5 


(not  observed) 
(not'observed) 
(invisible) 

*  This  confirmation  permits  the  definitive  notation,  140  T  Sciilptoris 
1805  December  9. 


Its  variability  is  fully  confirmed  by  the  followinj. 
vat  ions  : 


obser 


1895  Nov.    8     10.05  1895  Nov.  28     9.0 

16       9.6  Dec.     2     8.8 

22       9.3  7     8.6 

These  observations  were  made  by  Argelandee's  method, 
using  the  C.DM.  magnitudes  of  the  neighboring  stars  as 
standards. 


-Ed. 


ON   TIIE   VARIATION   OF   THE   HOLDEN-ESPIN   RED   STAR, 

l'"  4(5"'  42^4,     -f.58°  32'.6.     (1855), 
By  .T.  a.   PARKHURST. 


Espix  announced  the  variability  of  this  star  in  J.J. 330. 
In  J.Jy. 3264  he  referred  to  Holden's  observation,  "1881 
July  17,  line  red  star,  9  mag,"  and  described  its  position 
as  '•  the  third  of  a  line  of  four  faint  stars  stretching  np 
to  sf  in  Held  with  DM.58°331,  7.5  mag.,  and  I)M.58°334, 
9.2  mag.'"  I  have  meastired  its  position  referred  to  these 
two  comp;trison-stars  and  DM.  58°342  with  the  following 
result : 


R.A.   =   1"  48"'  3^4  :     Decl. 


42"  (1875) 


The  line  of  stars,  mentioned    by  Espix,  is  ahout  (i'  in 
Marengo,  III.,  1805  December  10. 


length,    and    the    magnitudes    of    the    stars    are    as    fol- 
lows :    9". 9,  9". 8,  V,  10". 2. 

I  have  28  comparisons  of  the  magnitude  of  this  star 
since  1894  Dec.  4.  It  rose  very  slowly  from  12"  at  the 
first  observation  to  10". 5  in  July  1895,  then  more  rapidly 
to  a  maximum.  9". 5,  1895  Oct.  10.  then  fell  irregularly  to 
11"  at  the  last  observation,  1895  Dec.  17.  In  connection 
with  Holden's  observation,  quoted  above,  and  Espin's 
given  in  .-1.^^.3264,  a  period  of  a  little  more  than  a  year  is 
suggested,  if  the  variation  is  regular.  The  star  is  very 
red. 
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Bv  A.  JAY  KOY. 

The  following  cli'iiu-iits  i«l   < 'oiiiet  </ were   derived   from    1  q    _     o-/    t-     ic\ 

observations  at  Mt.    Hamilton,   Nov.  L'4;    and   at    AUiany,    I  „   _   098  4G  15.G   -  Mi'au  i'(niiiiipx  lS'.»r).(t. 

Dec.  !>  and  14.  /  =     TC  U  59.7  \ 

T=    1895  0(!t.  L'1.05o44  Civenw.  M.T.  1  loj;  7    =   9.925854 

I  Middle  place  (0-C):     .//.   =    +1".4,    Jp'  =    -1".0. 


Printed  as  SiipiiU'ment  to  No.  A&i. 


SOIES   ON    TAVO   VARIABLE   STARS, 


l!v  W.  W.  ( 
More  than  a  year  ago  Dr.  ('iiAM)i.Kit  reiiuested  nie  to 
coutirni  the  variability  of  the  two  following  stars,  their 
far-south  position  rendering  them  inconvenient  for  obser- 
vation at  most  other  observatories.  My  observations  were 
made  with  the  iifi-iuch  telesi-ojie,  generally  through  the 
diagonal  linder  of  the  spectroscoiie,  when  my  regular  work 
was  in  the  region  of  these  stars.  They  were  discovered  to 
be  variable  by  the  Harvard  College  Observatory,  and  my 
observations  confirm  their  variability. 

7151.      liU  Sugitturil. 

1894  Sept.  20.  The  star  Atyent.  Gen.  Catal.  27305  (8") 
is  near  the  assigned  j)osition,  and  being  a  red  star.  I  su.s- 
pected  it  to  be  the  variable.  It  is  J  magnitude  fainter  than 
the  75"  star  No.  27312;  that  is,  S". 

1S94  Oct.  12.     Tiie  magnitude  of  27305  is  unchanged. 

1895  Aug.  16.     The  suspected  star  is  12". 

The  variable  is  therefore  Argent.  Gen.  CaUil.  27305.  Its 
position  is 

(for  1900.0)      It  =   19'  5l"'5o'!o     ;     ^^   =  -42     6  55 
(for  1855.0)      (£  =   19  48  43.7     ;     d  =  -42  13  53 


VMl'IJKM.. 

KT  Siir/tftdi-!!.* 

1894  Sept.  20.  There  is  a  red  star  at  some  distance  fol- 
lowing the  assigned  position,  and  this  I  decided  to  observe. 
It  is  0»'.2  fainter  than  C.DM. -39''1;m;!2,  9>'.0  :  the  red 
star  is,  therefore,  about  9". 2. 

1894  Oct.  12.     The  magnitude  is  unchanged. 

1895  Aug.  ir>.     The  magnitude  is  \uiclianged. 

1895  Oct.  1().  The  red  star  is  about  half  a  magnitude 
fainter  than  a  star  ul'  10"  ±.  wliicli  follows  it  by  1'.9,  and 
is  21"  further  north.  The  variable  is  about  1  i  magnitiules 
fainter  than  at  the  previous  dates  of  observation.  One  or 
both  of  these  stars  is  C.DM.  — 39°13722,  assigned  magni- 
tude 9". 7.  The  10"  stai-,  which  does  not  seem  to  vary  in 
brightness,  precedes  ('.DM. -39°lo727  by  24'.22,  and  is 
1'  44".3  south  of  it.  The  catalogue  differences  are  24'.9 
and  l'.().  If  we  assume  that  the  10"  ±  star  is  f.DM. 
—  39°13722,  the  position  of  the  variable  becomes 


(for  1900.0) 

li        m    8 

u  =  20  11  3 

d  =  -39  25.7 

(for  1855.0) 

u  =   20     8  3     ; 

^  =  -39  33.8 

Mt.  Hainilton,  Cal.,  1895  Dec.  7. 


*  The  large  error,  in  the  original  position  given  by  the  H.C.  Observa- 
tory, pointed  out  by  P.iii.  (XV,  13:5),  and  here  confirmed  by  Camp- 
BKl.I.,  unfortunately  requires  :i   cliange  in  the  numlier  assigned  to 


this  variable  in  the  "Revised  Supplement"  (XV,  84).     It  >lioul(l  Im 
7266,  not  72.55  ;  and  the  places  there  given  should  be 

(1000)  20'>  ll'"6",   — 39°25'.2     ;     (18.55)  20'' S™  .5%    — 39°  33'.3 


NOTE   ON   ])K.  liRENDEL'S    REMARKS  RESPECTING   ;  VIBGINIS, 


By  T.  J.  J.  SEE. 


1  regiei  to  notice  that  Dr.  I'.kkxhkl  has  given  an  in- 
terpretation of  my  remarks  relative  to  sifting  the  observa- 
tions of  7  Virfjinis,  wjiich  is  entirely  mi.sleading.  That 
remark  was  intended  to  apply  to  the  older  observers,  and 
had  no  reference  to  living  astronomers.  The  observations 
of  ;■  Vifijinis,  which  I  made  at  Berlin,  were  taken  with  ex- 


treme care,  but  were  so  nearly  identical  with  I'rofessor 
Kxorre's  results  that  it  was  quite  unnecessary  to  add 
superfluous  material.  I  have  generally  made  use -of  Pro- 
fessor Knorre's  measures  in  my  work  on  the  orbits  of 
double  stars. 

The  Universily  of  Chicago;  1895  December  4. 
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DEKiYATioN  OF  fu:n^dame:n"tal  foemulas  for  the  cassegrain 

(AND    GREGORY)    TELESCOPES, 

By  J.  M.  SCHAEBEKLE. 


For  some  months  past  I  have  been  experimenting  in 
astronomical  photograpliy  without  the  use  of  lenses,  all  the 
enlarged  images  being  formed  bj-  reflection  from  silvered 
glass  surfaces,  forming  the  optical  parts  of  a  telescope. 

During  these  preliminary  experiments  it  became  quite 
apparent  that,  with  a  modified  form  of  Cassegrain  tele- 
scojje,  as  good  results  in  planetary  photography  may  be 
expected  from  well  figured  and  rigidly  mounted  reflecting 
surfaces  carried  by  a  tube  not  more  than  twelve  or  fifteen 
feet  long,  as  have  been  obtained  with  the  most  powerful 
photographic  refractors  of  larger  ajierture  in  use  at  the 
present  time. 

There  seems  to  be  but  very  little  published  ou  the  theory 
of  the  Cassegrain  and  Gregory  telescopes ;  in  fact,  all  that 
I  can  find  on  this  subject  is  the  general  statement  that  the 
curvature  of  the  secondary  mirror  for  the  first  mentioned 
form  should  be  hyperbolic,  and  elliptical  for  the  other  case. 

A  formula  for  the  magnifying  jiower  of  such  telescopes 
is  given  in  the  Eivyclopedia  Britannica,  but  the  formula  is 
certainly  wrong.  Houzeau  in  his  exhaustive  work  gives 
no  references  to  any  published  papers,  and  indeed  does  not 
even  mention  Cassegrain's  name,  so  far  as  I  can  learn. 
Under  these  circumstances,  and  in  view  of  the  encouraging 
results  so  far  obtained,  this  i^aper  has  been  prepared  in  the 
belief  that  the  matter  here  presented  will  be  of  value  to 
astronomers.  For  a  description  of  the  reflecting  telescope 
(actually  mounted  at  the  Lick  Observatory),  and  of  some 
photographs  taken  with  it,  those  interested  are  referred  to 
the  Puhlications  of  the  Astronomical  Society  of  the  Pacific, 
Nos.  42  and  44,  and  to  the  October  1895  number  of  the 
Photographic  Times. 

The  ordinary  form  of  Cassegrain  and  Gregory  telescopes 
is  that  in  which  the  image  examined  is  in  or  near  the  jilane 
of  the  large  reflector.  For  photographic  purposes  the  prin- 
cipal objection  to  this  plan  is  that  the  sensitive  plate  is 
there  exposed  to  too  large  a  sky-area.  To  diminish  this 
area  the  plate  should  be  carried  at  the  lower  end  of  a  tube 
whose  axis  coincides  with  the  produced  axis  of  the  main 
tube.     In  this  way  the  diffused  light  from  the  sky-area  (to 


which  the  plate  is  exposed)  can  be  made  even  4ess  than 
that  emitted  from  the  objective  of  a  refractor. 

For  photographing  the  sun  or  the  moon  the  secondary 
mirror  must  be  backed  by  a  concentric  circular  disk  of  such 
a  diameter  that  all  direct  light  is  cut  off  from  the  sensitive 
plate.  As  there  is  no  dense  matter  (glass)  to  reflect  and 
diffuse  light  the  field  of  view  is  actually  darker  than  it  is 
for  a  refracting  telescope ;  for  only  a  very  small  percentage 
of  the  diffused  light  from  the  large  mirror  is  reflected  to 
the  photographic  plate  by  the  secondary. 

As  is  well  known,  the  only  form  of  continuous  surface 
which  will  by  reflection  converge  parallel  rays  to  a  point,  is 
that  of  a  paraboloid  of  revolution ;  the  point  or  focus  being 
in  the  axis  of  revolution. 

If  such  converging  rays  are  again  reflected  from  a  second 
continuous  surface,  in  such  a  way  that  all  the  rays  are 
made  to  pass  through  a  second  point  on  the  optical  axis,  it 
has  been  proved  that  the  form  of  this  surface  must  be 
either  the  convex  side  of  an  hyperboloid,  or  the  concave 
side  of  an  ellipsoid  of  revolution.  In  the  former  case  the 
rays  are  reflected  before  reaching  the  j)rimary  focus,  while 
in  the  latter  case  the  reflection  takes  place  after  rays  have 
passed  through  the  focus.  In  both  cases  the  axis  and 
nearer  focus  of  the  secondary  reflecting  surface  must  exactly 
coincide  with  the  axis  and  focus  of  the  jjarabolic  surface. 

A  well  known  property  of  the  hyperbola  and  ellipse  is 
that  lines  drawn  from  the  two  foci  (of  either  curve)  to  any 
point  of  the  curve  make  ecpial  angles  with  a  tangent,  and 
consequently  with  a  normal,  to  the  curve  at  that  point. 

To  avoid  unnecessary  repetition  of  formulas,  I  shall  first 
deduce  the  e(juations  for  the  Cassegrain  form  of  telescope 
in  which  the  secondary  reflection  takes  place  at  the  convex 
side  of  the  hyperboloid,  and  then  show  that  identicall}'  the 
same  formiilas  apply  to  the  Gregory  telescope. 

As  the  focus  and  axis  of  the  hyperboloid  must  coincide 
with  the  focus  and  axis  of  the  paraboloid,  all  originally 
parallel  rays  are,  after  reflection  from  the  first-named  sur- 
face, directed  to  the  focus  of  the  hyperboloid  surface ;  that 
portion  of  any  ray  (line)  intercepted  between  this  surface 

(25) 
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ami  the  focus  is  one  nulius-vector  of  the  hyiterbola.  and  the 
portion  of  the  reflecteil  ray  inehiileil  between  tlie  point  of 
reflection  anil  tlie  intersection  (secondary  focus)  of  this 
reflected  lay  with  the  axis,  is  tlie  other  radius-vector  of  the 
same  hyperbohi. 

Consequently  all  exterior  radial  lines  converging  to  one 
focus  of  an  hyperboloid  of  revolution  will,  after  reflection 
from  the  convex  surface  of  tliis  hyperboloid.  converge  to 
another  point  on  the  axis.  This  last  mentioned  ])oint  is 
where  the  focal  image  of  the  Cassegrain  telescojje  is  formed. 

Now  let  F  denote  the  focal  length  of  the  parabolic 
reflector,  and  let  the  distance  between  a  plane  tangent  to 
the  center  of  this  reflector  and  the  jdiotographic  i)late  (or 
secondary  focus)  be  called  H :  the  sign  of  //  being  positive 
so  long  as  the  distance  of  the  plate  from  the  principal  focus 
i3  greater  than  F,  and  negative  when  the  plate  is  between 
the  two  reflectors. 

Let  r,  e  and  A  denote  respectively,  the  axial  radius  of 
curvature,  the  eccentricty,  and  the  major  semi-axis  of  the 
hyperboloid  of  revolution  forming  the  convex  secondary 
reflecting  surface. 

lu  actual  practice  the  observed  angular  dimensions  will 
always  be  small,  so  that  we  can,  without  sensible  error,  call 
the  distance  from  each  focus  to  any  point  of  the  reflecting 
surface  actually  used,  the  same  as  the  focal  distance,  or 
-'l(e-l)  and  J(e  +  1). 

If  ii'  denotes  the  angle  which  a  ray  (originally  directed 
towards  the  focus)  makes  with  the  optical  axis  after  re 
flection  from  the  hyperbolic  mirror,  and  6  tlie  angle  which 
a  normal  at  the  point  of  incidence  makes  with  the  axis, 
then  the  angle  which  the  incident  ray  makes  with  the  axis 
will  always  be  '2d+u',  or,  if  the  quadrant  were  taken 
into  consideration,     180°  —  (20+ u'). 

If  2>  denotes  the  peri)endicular  distance  of  the  point  of 
incidence  from  the  axis  we  have,  without  sensible  error, 

(1)  j>   =  ,4(e+l)  tan<£'  =   r  tan  ^ 
Substituting  for  r  its  value 

(2)  r  =   A(e^-1) 
we  obtain  the  relation 

tan  rt' 

To  obtain  an  expression  for  the  equivalent  focal  length, 

L,  of  the  combination  in  terms  of  F,  H  and  r,  let  2cV  denote 

the  linear  diameter  of  an  image  in  the  principal  focal  plane 

which  subtends  the  angle  2«  at  the  distance  F,  and  let  2«' 

be  the  angle  which  the  same  inmge  subtends  at  tlie  distance 

F+  H.     The  relation  between  «  and  «'  is  then  given  by  the 

equation 

(4)  (\  =   (/-'+//)  tan «'  =  FXMMt 

F+U  , 

(o)  or         tan«  =  — = —   tan«' 

Now  if  the  angular  diameter  of  the  primary  image  as 


(••5) 


taue  = 


seen  at  the  distance  F  is  2«,  the  angular  diameter  of  the 
enlarged  image  seen  at  the  distance  F+H  is  evidently 
2  {26+ a').  The  lineur  diameter  of  the  enlarged  image 
divided   by  the  linear  diameter  of  tlie  primary  image  is 

evidently  equal  to  the  ratio       ,  or 


(i''+//)tan(2e  +  «t')   _  L 
FtM\a  ~  F 


(<>) 


Since  6  .and  a'  are  always  very  small  we  can  write,  with- 
out sensible  error, 

tan(2e+«')   =   2taiie+tan«'  (7) 

Substituting  for   tan  6    in  eipiation  ((>)  its  value  given  by 

equ.ation  (.'i),  and  tor    tauK    its  vahie  given  liy  e(iuatioii  (5), 

we  obtain 

«  +  l 


L  =  F. 


-1 


(8) 


The  expression  for  tlie  eccentricity  of  the  secondary  in 
terms  of  /'  and  L  is  therefore 

L  +  F 


e  =   T—^  (9) 

As  the  distance     F+H    is  the  same  as  the  distance  be- 
tween tlie  two  foci,  we  have 

F+H  =  2Ae  (10) 

Eliminating  A  from  equations  (2)  and  (10),  we  obtain 
an  expression  for  the  eccentricity  in  terms  of   F+H  and  r,  or 


F+H 


(11) 


Eiiuating  the  second  im-iubers  of  (2)  and  (11)  we  obtain, 
finally,  the  fundamental  equations 


L  = 


H  = 


F 


(F+H)±^r2+{F+IJf 


2LF{F+n) 


L--F'' 
r{L-^-F^) 
2LF 


-  F 


(12) 
(l.S) 
(14) 


To  sliow  tliat  these  equations  also  hold  good  for  tlie 
Gregory  form  of  telescope,  we  have  but  to  reniember  that, 
for  tlie  ellipse,  c  is  less  than  unity ;  we  therefore  substitute 
for  e-— 1  and  e— 1  thevalues  1  — e^and  1— e  inequations 
(2)  and  (3);  and  also  write  26— it'  in  place  of  26+it'  in 
equation  (6),  as  the  former  expression  will  now  be  the 
measure  of  the  angle  which  the  incident  ray  makes  with 
the  axis.  Tlie  expressions  resulting  from  these  substi- 
tutions will  be  found  to  be  identical  witli  equations  (12), 
(13)  and  (14). 

When  e  =  0,  equation  (11)  shows  that  r  must  be  infi- 
nite, consequently  L  must  equal  F  according  to  equation 
(13) ;  for  these  values  .ff  becomes  indeterminate  according  to 
equation  (14).  The  reflecting  surface  for  this  case  is  tliere- 
fore  a  jilane;  the  equivalent  focal  length  is  the  same  as 
that  of  tlie  parabolic  mirror,  so  that  the  size  of  the  image 


N"-  364 


THE     AS  T  11 0  N  0  M  I  C  A  L     J  ( )  U  K  N  A  L . 


27 


is  the  same  for  all  values  of  II  giving  possible  results- 
The  plane  minor  is  used  in  the  Newtonian  form  of  tele- 
scope; if  is  negative,  and  as  a  rule  made  numerically  equal 
to  F—  \D,  in  whicli  D  is  the  diameter  of  the  parabolic 
reflector.  lUit  the  secondary  focus,  instead  of  being  on  the 
main  oj)tical  axis,  is  made  to  lie  on  a  line  at  right  angles  to 
this  axis  by  tilting  the  mirror  (which  is  placed  at  the  dis- 
tance ^D  from  the  focus)  through  an  angle  of  45°.  There 
is  evidently  no  distortion  of  the  image  for  any  possible 
inclination  of  a  plnne  mirror. 

For  the  critical  case  when  e  =  1,  it  apjiears  from  equa- 
tion (9)  that  whether  the  reflection  is  conceived  to  take 
place  from  the  convex  (Cassegrain),  or  from  the  concave 
(Gregory)  side  of  the  paraboloid,  L  must  always  be  infinite 
for  all  finite  values  of  ;•,  so  that  according  to  equation  (14) 
//  must  also  be  infinite ;  the  value  of  /•  is,  therefore,  accord- 
ing to  equation  (13),  indeterminate.  A  secondary  convex 
(or  concave)  parabolic  reflector,  therefore,  again  renders 
parallel  the  originally  parallel  rays  impinging  upon  the 
large  mirror,  whatever  the  radius  of  curvature  (/•)  of  the 
secondary  parabolic  mirror  may  be. 

The  uses  of  the  fundamental  equations  (12),  (13)  and 
(14),  are  as  follows  : 

1st.  If  both  mirrors  are  already  finished,  and  their  con- 
stants measured,  the  equivalent  focal  length  L,  for  any 
value  of  H,  can  at  once  be  found  by  means  of  equation  (12) ; 
the  adopted  value  of  H  should  always  be  that  for  which  the 
definition  is  best,  viz. :  that  used  while  figuring  the  small 
mirror. 

2d.  If  the  large  mirror  is  finished,  and  it  is  desired  to 
have  a  given  equivalent  focal  length  L  for  any  convenient 
value  of  H,  equation  (13)  will  give  the  radius  of  curvature 
to  which  the  secondary  must  be  ground.  All  the  testing 
during  the  process  of  figuring  should  thus  be  made  at  the 
distance  H  from  the  large  mirror. 

3d.  If  both  mirrors  are  finished,  and  it  is  desired  to 
have  (within  certain  limits  on  each  side  of  //)  a  particular 
scale  for  the  image,  equation  (14)  will,  for  a  given  value 
of  L,  give  the  distance  H,  from  the  large  mirror,  at  which 
tlie  photographic  plate  must  be  placed  to  produce  the  de- 
sired scale. 

All  tJie  fi>re(iolnrj  foriiudas  refer  to  the  tJieoretieal  condition 
of  perfect  definition  of  an  infinitely  distant  point  on  the 
optical  axis.  In  practice  the  angular  area  of  the  secondary 
reflector  actually  doing  service  is  so  small  that  the  sphere, 
the  ellipsoid  of  any  eccentricity,  the  paraboloid  and  the 
hyperboloid  of  any  eccentricity  will,  for  the  same  value  of  r, 
be  so  nearly  coincident  with  the  surface  of  the  secondary 
mirror  of  radius  r  that  all  of  these  surfaces  will  give  moder- 
ately well  defined  images,  which  can  be  made  to  vary  in 
size  simply  by  shifting  the  secondary  along  the  optical  axis 
of  the  telescope,  thereby  causing  corresponding  changes  in 
L  and  //. 


Each  change  of  position  really  assumes  a  change  in  the 
eccentricity  of  the  secondary,  but  since  this  element  is  fixed 
in  a  given  mirror  there  is  only  one  value  of  II  (and  L)  for 
a  given  secondary,  and  that  value  fixes  the  point  at  which 
perfect  definition  is  secured.  If  the  secondary  mirror  is 
ground  to  the  surface  of  a  paraboloid  of  revolution  there  is  no 
such  point  to  be  found.  For  each  of  the  two  forms  of  tele- 
scopes here  considered  there  will  always  be  a  particular  point 
on  the  optical  axis  at  wluch  the  definition  is  best  for  a  ])ar- 
ticular  secondary ;  but  as  the  resulting  value  of  II  for  this 
l>oint  (found  by  trial)  maybe  inconveniently  large  or  detri- 
mentally small,  the  eccentricity  of  tlie  secondary  must  be 
changed  by  local  polishing  until  a  suitable  position  for  the 
photographic  plate  is  obtained.  This  can  only  be  accom- 
plished by  repeated  trials  in  the  telescope,  as  no  system 
of  direct  measurement  is  sufficiently  delicate  to  guide  the 
optician. 

In  my  own  experiments  (with  the  Cassegrain  form),  to 
save  the  labor  of  the  rough  grinding,  a  number  of  lenses, 
whose  surface  radii  of  curvature  ranged  between  6  inche.s 
and  72  inches,  were  first  secured. 

All  of  these  surfaces  gave  by  reflection  very  imperfect 
images  when  used  in  connection  with  my  IS-inch  parabolic 
mirror.  After  patient  polishing  (mostly  l)j^  strokes  of  the 
refiector  across  the  diameters  of  a  zonal  polisher)  and  re- 
peated testing  in  the  telescope,  a  fairly  good  surface,  giving 
a  focal  length  of  about  80  feet,  was  obtained.  Later  a 
practically  perfect  figure  was  given  to  another  surface  liav- 
ing  a  radius  of  curvature  of  about  14  inches  (14.25  inches 
by  measurement),  for  H  =  10  inches. 

The  photographic  plateholder  is  supported  at  the  lower 
end  of  a  sliding  tube,  giving  a  range  from  H  =  3  feet  to 
H  z=  4:  feet.  Between  these  limits  the  definition  appears  to 
be  about  equally  good,  although  the  figuring  of  the  sec- 
ondary was  carried  on  for  H  =  10  inches ;  this  distance 
was  afterwards  increased  (in  order  to  reduce  the  sky -area) 
without  any  apparent  loss  of  definition. 

As  the  focal  length  of  the  18-inch  mirror  is  12.384  feet, 
and  the  radius  of  curvature  of  the  hyperbolic  mirror  1.188 
feet,  the  range  of  L  is  according  to  equation  (12) 

For     if  =  3  feet L  =  321.2  feet 

H  =  i  feet L  =  342.0  feet 

From  this  it  appears  that  L  here  increases  about  20  times 
as  fast  as  IT.  The  differential  coefiicient  of  L  with  respect 
to  H,  regarding  F  and  r  as  constants,  is  according  to  equa- 
tion (14) 

f/l,  '>.LV- 

(15) 


dL 
dH 


r(L-'+F-') 


which  will  give  the  rate  for  any  values  of  F,  >•  and  H. 

For  photographing  the  moon  and  all  the  major  planets 
except  Venus  and  Mi'rcuri/  it  is  necessary  to  give  times  of 
exposure,  varying  all  the  way  from  a  small  fractional  part 
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of  a  minute  up  to  several  minutes;  it  is  therefore  necessary 
to  have  a  guiding  ej-epieoe  in  addition  to  the  driving  clock. 
The  one  I  use  is  fastened  to  the  plate  holder  and  has  a  foeal 
length  of  about  two  inclies,  giving,  therefore,  magnifying 
powers  of  1927  and  2052  for  //  =  3  and  H  =  A  feet  respec- 
tively. While  the  guiding  olijects  are  ordinarily  nnieh  over 
magnitied,  still,  for  the  purposes  of  following,  these  high 
powers  are  of  great  advantage. 

If  a  telescojje  is  so  mounted  that  the  ])aral)iilu'  mirror  is 
about  midway  between  the  j)hotographic  i)latc  and  the 
secondary  mirror,  (or  when  //  is  about  eqtial  to  F)  a  plate 
having  practically  four  times  the  area  of  the  aiiertiire  in 


the  lai-ge  mirror  can  be  completely  covered  with  all  the 
rays  which  pass  through  this  aperture  (coming  from  any 
celestial  objects,  as  the  sun,  moon  or  a  cluster  of  .stars)  that 
are  reflected  from  the  small  mirror,  jjrovided  the  radius  of 
curvature  (r)  of  the  latter  is  small,  or,  in  other  words,  when 
equivalent  focal  length  L  is  large.  In  general  the  size  of 
the  i)late  which  receives  all  the  light  available  increases 
with  /A 

The  disturbing  effect  of  the  wind  (cm  the  instrument 
mounted  in  the  open  air  at  the  Lick  Observatorj')  is  the 
greatest  source  of  trcjuble  yet  to  be  overcome. 

Lick  Observatory,  ISO.J  November  20. 


OX   STANDARD   SYSTEMS  OF  DECLTXATION   AND   rifOPER  ^rOTTOX, 

Hv  S.  V.  CHAXDLEU. 


It  is  here  proposed  to  present  the  conclusions,  alluded  to 
at  the  end  of  the  article  in  no.  361,  to  which  a  study  of  the 
declinations  .and  proper  motions  there  given  seems  naturally 
to  lead  us.  Table  I  following  gives,  in  columns  2  and  3, 
the  mean  epochs  and  seconds  of  the  declinations  derived, 
by  weights,  from  the  two  series  on  p.  3,  1.  c.  These  values 
will  be  hereafter  denoted  by  C;  while  those  of  Boss  will 
be  called  B,  and  those  of  Auweks's  FundmentnUCataloy 
will  be  called  A;  and  the  several  systems  of  jiropor  motion 
will  be  correspondingly  sj-mbolized. 

With  regard  to  the  declinations  C,  it  is  to  be  remarked 
that  they  are  free  from  latitude-variation  ;  that  the  sine- 
flexure  is  eliminated,  while  the  correction  for  cosine-flexure, 
if  any  exist,  is  theoretically  zero  at  8  =  +13",  and  practi- 
cally so  for  all  our  stars  south  of  +25°,  at  least;  that  the 
effect  of  accidental  division-errors  has  been  practically 
eliminated,  and  that  of  periodical  division-errors  must  be 
small.  Further,  our  declinations  and  ])roper  motions  are  ab- 
solutely independent  of  Auweks,  and  practically  so  of  Boss.* 

It  therefore  seems  legitimate  to  use  our  results  C  as  a 
satisfactory  test  of  the  correctness  of  the  systems  A  and  B. 

In  the  column  C'—B'  the  symbol  B'  denotes  Boss's  decli- 
nations corrected  for  variation  of  latitude,  in  the  following 
manner.  In  any  catalogue  covering  a  series  of  years  the 
ettect  of  the  428-day  term  is  eliminated,  while  that  of  the  an- 
nual terms  remains.  Assuming  the  average  mean  time  of 
the  observations  to  be  10''  .W"',  the  average  right-ascension 
of  stars  observed  on  any  given  date  will  be  «  =  ©  +  158°. 
By  eq.  (52),  -•!../.  XIV,  75,  the  annual  term  for  1832.5  is,  for 
the  Greenwich  meridian,  — 0".155  cos  (G  — 359°).  Hence 
the  correction  of  the  declinations  is  +0".155  sin  («  + 1 13°). 
But,  of  the  catalogues  before  1850  on  which  Boss's  normal 

'  In  the  formation  of  Boss's  funtlamental  system,  tlie  (irecnwich 
12-year  Catalogue  enters  with  a  weight  of  only  4  in  a  toUil  of  7.3;  and, 
bfsiiles,  tlie  proportion  of  the  observations  of  that  catalogue^  u.sed  in 
forming  C,  is  small.  Iiuleeil.  our  declinations  ooidd  he  made  abso- 
lutely independent  of  Boss  l>y  using  only  the  I'o.no  series  (l.S-2.'j-.3o); 
and  the  inferences  hereinafter  drawn  would  in  no  wise  he  affected. 


system  rests,  thirteen  (wt.  25)  were  deduce<l  by  the  use  of 
nadir  or  horizontal  points,  and  five  (wt.  18)  by  poliir  points. 
The  former  are  affected  by  latitude-variation,  the  latter 
not.  Hence  we  reduce  the  above  coefficient  and  take 
+  0".  1]  .sin(K  +  113°)  as  the  correction  to  Boss's  decli- 
nations for  the  epoch  in  question.  The  cohuiin  C—B', 
then,  is  free  from  latitude-variation.  That  we  have  ascer- 
tained the  correction  satisfactorily  is  shown  by  the  f;ict  that 
the  manifest  systematic  character  of  the  signs  in  cohinm 
C—B  now  disappears.  Indeed,  if  we  derive  empirically 
a  periodical  expression  lor  the  cohunn  C—li  we  get 
+  0".112  sin(«  +  lll°),  which  is  almost  identical  with  the 
above. 

The  smallness  of  the  differences  C—B'  is  quite  suri)ris- 
ing.  The  average  value  is  +0".02;  or,  without  regard  to 
sign,  ±0".08.  An  inspection  of  this  column  in  tables  1  and 
II  —  which  tables  contain  the  same  data,  under  correspond- 
ing headings,  arranged  in  order  of  right-ascension  !ind 
declination,  respectively  —  shows  in  C—B'  no  systematic 
character.  The  column  C—A,  on  the  contrary,  shows  laige 
differences,  depending  on  the  declination.  It  cannot  be 
otherwise  construed  than  as  the  measure  principally,  for 
this  epoch,  of  the  errors  of  Bkaulky's  quadrant. 

Coming  to  the  proper  motions,  we  find  in  C—A  a  large 
systematic  difference,  also  depending  on  declination;  but 
in  C—B  not  even  a  trace  of  such  a  relation.  The  average 
differences  are  —  0".0070  and  +0".0020  -  or,  taken  without 
regard  to  sign,  ±0".0125  and  ±0".0035  — for  C—A  and 
C—B,  respectively.  The  discordances  are  thus  nearly 
four  times  as  great  for  the  proper  motions  of  the  Fnnt/a- 
mental-Catalog  as  for  Boss.  Allowing  for  the  constant 
difference  C—B  =  +0".002,  we  find  the  probable  error  of 
a  single  difference  C—B,  ±0".0029.  The  average  value  of 
the  probable  error  of  Boss's  proper  motions,  for  these 
stars,  is  ±  0".0023,  whence  the  probable  accidental  error  of 
our  proper  motions  is  ±0".0018. 
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Table  I.     Okdek  of  Rioht-Ascexsion. 


Table  II.     Order  of  Declination. 


^ 

Epoch 

8 

J8 

J^' 

* 

8 

JS 

Jm' 

Correction 

1895 

1830 

C~A 

C- 

-B    1 

C- 

-li' 

C—A 

C 

—B 

C—A 

C- 

-B' 

C 

-A 

C 

—B 

A 

1 

.•;2.o 

5.80 

+  o''60 

+o!'ii 

+o"oi 

n 

—  0.009 

+  0.002 

32 

o 

6.0 

+  i"oi 

+  0.10 

-o!oi6 

+  o"o03 

-o"48 

•) 

32.0 

17.24 

+  0.36 

— 

.01 

— 

.11 

—  .006 

.000 

23 

7.0 

+  1.03 

— 

.08 

— 

.015 

+ 

.007 

-  .55 

3 

3(5.2 

13.36 

+  0.14 

+ 

.()() 



.03 

-  .002 

+ 

.001 

9 

7.4 

+  0.79 

+ 

.01 

— 

.020 



.003 

-  .62 

4 

33.5 

8.53 

_ 

+ 

.06 



.03 

_ 

_ 

31 

8.4 

+  1.03 

+ 

.12 

. — 

.014 

.000 

-  .36 

5 

3T.2 

16.11 

+  0.82 

— 

.04 

— 

.11 

-  .018 

— 

.001 

30 

10.2 

+  0.97 



.09 

— 

.019 



.003 

-  .46 

6 

32.3 

35.86 

+0.66 

+ 

.(•5 

+ 

.05 

-  .011 

— 

.00."> 

25 

12.7 

+ 1 .30 

+ 

.12 

— 

.017 

+ 

.003 

-  .51 

7 

35.7 

53.75 

+  0.76 

+ 

.11 

+ 

.12 

—  .006 

+ 

.004 

13 

12.8 

+  1.01 

+ 

.06 

— 

.017 

+ 

.002 

-  .63 

8 

32.3 

18.34 

+  0.22 

+ 

.17 

+ 

.19 

+  .002 

+ 

.003 

28 

13.6 

+  1.06 

.00 



.016 



.002 

-  .39 

9 

31.6 

3.58 

+  0.79 

— 

.02 

+ 

.01 

-..020 



.003 

2 

14.2 

+  0.30 

_ 

.11 

— 

.006 

.000 

-  .17 

10 

31.4 

9.19 

+  0.55 

— 

.01 

+ 

.06 

+  .006 

+ 

.006 

36 

14.3 

+  1.01 

— 

.07 

— 

.018 

+ 

.002 

-  .52 

12 

32.2 

44.88 

+  0.20 

— 

.09 

— 

.02 

-  .010 

— 

.004 

24 

14.6 

+  0.63 

+ 

.01 

— 

.003 

+ 

.00 1 

-  .03 

13 

32.8 

40.90 

+  1.01 



.01 

+ 

.06 

-  .017 

+ 

.0(12 

() 

16.2 

+  0.0(5 

+ 

.05 

— 

.011 



.003 

-  .31 

15 

35.8 

0.21 

-0.41 

— 

.11 

.00 

.000 



.005 

19 

20.1 

+  0.92 

.00 

— 

.020 

+ 

.003 

-  .68 

16 

32.6 

13.53 

+  0.92 

— 

.29 

— 

.18 

-  .024 

+ 

.(_)03 

16 

21.5 

+  0.92 



.18 



.024 

+ 

.003 

-  .83 

17 

34.4 

39.73 

-0.30 

— 

.11 

— 

.01 

+  .010* 

+ 

.003 

5 

22.7 

+  0.S2 



.11 

— 

.018 

— 

.001 

-  .54 

18 

32.6 

25.71 

-0.15 

— 

.18 

— 

.11 

+  .002 

+ 

.012 

22 

27.3 

+0.15 

— 

.10 

— 

.006 

.000 

-  .16 

19 

33.4 

15.85 

+  0.92 



.07 

.00 

-  .020 

+ 

.00.". 

20 

27.8 

_ 

+ 

.07 

_ 

+ 

.008 

— 

20 

32.2 

42.43 

_ 

+ 

.02 

+ 

.07 

_ 

+ 

.OOS 

1 

28.2 

+  0.60 

+ 

.01 

— 

.009 

-i- 

.002 

-  .29 

21 

34.9 

1.09 

-0.28 

+ 

.23 

+ 

.28 

+  .008* 



.001 

12 

28.4 

+  0  20 



.02 

— 

.010 

— 

.004 

-  .35 

22 

31.6 

30.19 

+0.15 

— 

.13 

— 

.10 

-  .006 

.000 

8 

28.5 

+  0.22 

+ 

.19 

+ 

.002 

+ 

.003 

-  .07 

23 

29.7 

58.53 

+  1.03 

— 

.11 

— 

.08 

-  .015 

+ 

.007 

10 

32.3 

+  0.55 

+ 

.06 

+ 

.006 

+ 

.006 

.00 

24 

30.4 

25.91 

+  0.63 

+ 

.02 

+ 

.01 

—  .003 

+ 

.001 

27 

33.2 

+  1.22 



.10 



.024 

+ 

.010 

-  .79 

25 

32.3 

25.51 

+  1.30 

+ 

.14 

+ 

.12 

-  .017 

+ 

.003 

26 

38.6 

+  0.95 

+ 

.10 



.020 

+ 

.003 

-  .61 

26 

35.0 

48.68 

+  0.95 

+ 

.15 

+ 

.10 

—  .020 

+ 

.003 

33 

44.7 

+  0.61 

+ 

.02 



.010 

+ 

.001 

-  .26 

27 

31.5 

13.27 

+  1.22 

— 

.05 

— 

.10 

-  .024 

+ 

.010 

7 

45.8 

+  0.76 

+ 

.12 



.006 

+ 

.004 

-  .31 

28 

31.7 

1.35 

+  1.06 

+ 

.06 

.00 

-  .016 

— 

.002 

3 

55.6 

+  0.14 

— 

.03 



.002 

+ 

.001 

-  .06 

29 

32.3 

45.56 

-0.14 

+ 

.12 

+ 

.05 

+  .003 

— 

.004 

17 

58.0 

-0.30 

— 

.01 

+ 

.010 

+ 

.003 

+  22 

30 

33.2 

17  94 

+  0.97 



.01 



.09 

-  .019 



.003 

34 

61.9 

-0.38 

+ 

.12 

+ 

.026 

+ 

.009 

+  .74 

31 

30.3 

32.16 

+  1.03 

+ 

.20 

+ 

.12 

-  .014 

.000  • 

15 

62.7 

-0.41 

.00 

.000 



.005 

+  .01 

32 

33.3 

17.76 

+  1.01 

+ 

.18 

+ 

.10 

-  .016 

+ 

.003 

IS 

65.2 

-0.15 



.11 

+ 

.002 

+ 

.012 

-  .10 

33 

31.8 

35.24 

+  0.61 

+ 

.11 

+ 

.02 

-  .010* 

+ 

.001 

29 

67.4 

-0.14 

+ 

.05 

+ 

.003 

— 

.004 

+  .23 

34 

35.6 

2.66 

-0.38 

+ 

•  >o 

+ 

.12 

+  .026 

+ 

.009 

35 

69.8 

-0.29 

+ 

.10 

+ 

.014 

+ 

.007 

+  .41 

35 

33.8 

56.09 

-0.29 

+ 

.21 

+ 

.10 

+  .014 

+ 

.007 

21 

74.8 

-0.28 

+ 

.28 

+  0.008 

-0.001 

+  0.28 

36 

31.8 

32  22 

+  1.01 

+  0.04 

-0.07 

-0.018 

+  0.002 

4 

88.4 

~ 

-0.03 

- 

- 

- 

*  The  proper  motions  are  used  as  given  in  Auweks's  Fundamental-Catalori.  i.e.,  +0".002  for  no.  17  (8  ZTrsae  3rajoris)  ;  — C.OOS  for  no.21 
(/3  Ur.iae  minorlx):  and  +0".00.3  for  no.  3:!  (a  Cyrjni).  But  the  data  given  in  liis  reduction  of  Bu.\i)r.EY,  would  give  +0".004,  +0".005  and 
— 0".003  for  these  stars,  respectively.     These  errors  have  been  peqietuated  in  the  Berlin  Jahrbuck  up  to  the  present  time. 


The  real  meaning  of  these  eompavi.sons  can  hanlly  be 
mistaken.  Taking  them  together  with  other  facts  pointing 
in  the  same  direction  we  mnst  conclude  that  the  system  of 
the  Fuiidamentul-Cufdlo'i,  admirable  as  it  was  for  its  origi- 
nal purpose,  has  now  broken  down,  and  that  tlie  extension 
of  its  employment  up  to  the  present  time,  and  certainly  for 
the  future,  should  cease..  The  use  of  Bradley  as  absolute, 
for  computing  proper  motions,  was  shown  by  the  inexorable 
logic  of  Boss,  twenty  years  ago,  to  be  a  principle  that  must 
be  abandoned.  The  result  proves  the  soundness  of  his  con- 
clusions. How  serious  the  errors  of  the  FnndamenUd-Cata- 
lofj  system  at  the  present  time  probably  are,  may  be  seen 
by  the  last  column  of  Table  II,  which  contains  its  cor- 
rections for  these  stars  in  1895,  using  the  means  between 


the  proper  motions  li  and  C,  and  including  the  corrections 
for  variations  of  latitude.  as.suming  the  latter  to  be  the 
same  now  as  for  tlie  ejiocli  1865,  fouiul  in  J..7.XIIT,  63. 

While  objection  may  be  made  on  minor  jjoints  of  numeri- 
cal detail  in  tlie  present  discussion,  I  think  the  main  con- 
clusion must  stand.  What  Boss  demonstrated  a  quarter 
of  a  century  ago  ought  now  to  be  plain  to  all,  that  to 
continue  the  prevalent  practice  of  elaborately  deducing 
declinations  and  proper  motions,  from  catalogues  of  various 
ejiochs,  by  the  use  of  systematic  corrections  referred  to  a 
fundamental  system  resting  absolutely  on  Bradley,  is  sim- 
ply to  spoil  good  observations  made  with  our  refined  modern 
instruments,  and  to  perpetuate,  in  continually  increasing 
ratio,  the  defects  of  Bird's  old  mural  quadrant. 


Cambridge,  1895  December  28. 


30 


TllK     ASTRONOMICAL     JOUltNAL. 


N»-  304 


LIST  OF  AI)DITTOTs\\L    ERRORS   FOUND  IN  THE   CORDOBA   CATALOGUES, 

Hv  .lOIlX   M.  THOME. 
I  semi  a  list  of  errata,  wliich  may  be  useful.     With  the  exception  of  a  few  cases,  wliich  I  am  still  trying  to  un- 
ravel, this  list  will,  I  think,  be  found  exhaust^-e  for  the  Cordoba  Catalogues  as  far  south  a.s  the  i)arallel  of  52°. 


I 


ZoxK  Cataluguk.  — \ 

oi..  Vll 

Page    Star 

Column 

For 

Put 

Page          Star               Cohmm            For 

I'm 

365  18791 

Decl..Vustr. 

48'  41".7 

49'14".8 

62          925         Decl.Austr.      53' 

23' 

416  21660 

Decl.Austr. 

15".0 

10".  0 

118    2131.2133        

same  star 

438  22S05 

Decl.Austr. 

15".S 

.5".8 

247         4583        Asc.  Recta,    3lM)2 

28-36 

same  as  4573 

452  23581 

Decl.Austr. 

32".6 

42".6 

264    1080,1083        

same  star 

489  25620 

Asc.Recta, 

4V5.1 

M-.54     same  as  25626 

295   3854,3858        

same  star 

Decl.Austr. 

39".ii 

l'.l".0 

297         4049               Mag.             9.\ 

7i 

564  29814 

Asc.Kecta, 

5;5-.;ii 

.Vl\52 

308          294         Asc.  Recta,    3".42 

2'.06 

same  as  291 

Stars  not  Foi 

.'xi>   i\   T 

wo  D.M.  Z.i.vKs. 

312      635,637          

same  star 

331    2401,2407        

same  star 

Vol.  VII. 

Vol. 

Vlll. 

341         3341         Asc.  Recta,    49".32 

39"..'52 

same  as  3328 

Page     Star 

Column 

I'uue 

.star 

384         2870        Decl.Austr.      32' 

36' 

132    1114 

prob.  27' 

111 

2202 

138    1759  same  as  1772-.' 

i(;2 

4094 

Zone  Catalogik.  —  \' 

..I..  Mil. 

157     372 

.     .     .     probably  43° 

Page     Star          Column                For 
12    1059          Mag.                7 

I'lit 
9 

169    1511 
243    4211 

prol).  54' 

44     460     Decl.Austr.       27".3 

37".3 

363     950 

]irob.    3' 

51    1095     Asc.Kecta,   18'"13'.47  1 

7"'55".7 

1  same  as  1083 

Vol..  XIV 

Decl.Austr.       50".2 

50".0 

284  14464 

prob.  29' 

65    2520     Asc.Recta,       42'.66 

32".66 

S-.52 

125     634     Asc.Recta,       11'.38 

168     373      Asc.Recta,    4'"  59".45    .■ 

')'"4'.71 

same  as  380 

CoKDOH.A 

DM.-V 

OL.  XVI. 

202    3643    Asc.Recta,      51-.49 

61-.49 

Page    Star 

Column 

For 

Put 

254     218     Asc.Recta,       11'.86 

1'.86 

same  as  207 

37  10973^     .     .     . 

17"'2'.0.  —  22'27'.7 

259     696     Asc.Recta,       25".49 

42'.67 

117       - 

Number 

19000-038 

18100-18138 

Decl.Austr.        7".7 

7".8 

180     688 

Mag. 

6.0 

9.0 

272    2088    Asc.Recta,       13'.26 

19'.79 

same  as  2095 

184    1766 

Ref. 

ZC 

OA 

289     765           Mag.              9i 

^i 

220  12601 

. 

. 

does  not  exist 

366     242     Asc.Recta,    8""  5o'".39    1 

"'  13'.  9.' 

1 

228  15231 

Decl. 

38'.8 

8 '.8 

• 

232  16292 

Mag. 

9.2 

9.9 

Genekal  Catalooi'e.— 

Vol.  XIV. 

260    7706 

]\rag. 

8.8 

9.8 

Page     Star          C'olunui               For 

Put 

282  14432 

Ref. 

ZC 

_ 

202  10294  Asc.Recta        ll'.-'tl 

1 2».31 

313    6667 

does  not  exist  — see  26° 

219  11145  Decl.Austr.         24' 

25' 

317    8011 

Decl. 

'ol'.l' 

56'.1 

243  12388  Decl.Austr.      11".3 

13".6 

339  14583 

Mag. 

9.1 

9.8 

253  12899  Decl.Austr.      32".3 

26".3 

343  15671 

Decl. 

45'.8 

17'.0 

306  15498  Asc.Recta        27'.97 

26-.97 

373    7946 

. 

dpi 

334  17028  Decl..\ustr.        7".8 

5".3 

405  17.523 

Decl. 

32'.0 

22 '.0 

358  18430  Decl.Austr.     37".8 

27".8 

517  13504 

A.R. 

53'.9 

43'.9 

Cordoba,  1895  October  7. 

THE   RE-APPEARANCE   OF   COMET  1889  V, 

By  CHARLES    LAXE   POOR. 


The  mean  elements  for  the  coming  approach  of  this 
comet  were  published  in  the  Astronomical  Journal,  no.  320, 
and  are  as  follows : 

Epocli  1896  Oct.  23.5  Greenwich  M.T. 

71  =       1°48  42*42^ 

10  =  343  47  .^4.72  J 
log  a  =  0.567;UO(J 
loge   =  9.6715748 
log  n  =  2.6989957 

T  =  1896  Nov.  3.9382  Greenw.  M.T. 


With  these  1  have  had  computed  a  complete  ei)hemeris 
for  the  year  1896,  of  which  I  append  a  portion  in  the  form 
of  a  finding  ephemeris. 

It  will  be  seen  that  in  the  early  jiart  of  February  the 
theoretical  brightness  of  the  comet  is  0.09 ;  that  aftlie  time 
of  discovery  in  1889  being  taken  as  unity.  That  is,  during 
next  month,  the  comet  will  be  brighter  than  when  last  seen 
at  the  Lick  Observatory  in  1891.  However,  it  will  be  verj' 
uufavorabl}-  situated  for  observations,  having  a  large  south 
declination.  It  may  be  possible  to  find  it  with  a  large 
glass,  or  perhaps  to  photograph  it  with  a  doublet  and  a  long 


N"-  364 


THE    ASTRONOMICAL    JOURNAL. 


31 


exposure.    During  the  following  months,  however,  the  comet 

Gr. 

M.T. 

Apparent  a 

Apparent  8 

log  A 

Br. 

increases   rapidly  in   brightness,  and  sliould  be  found  by 

1890 

f  =  0            Aa 

^  =  0            a8 

]\rai-ch  or  April  at  the  latest.     I  hope  that  a  careful  search 

Feb.  18.5  19  23  28.8 

-26.53  28 

for  it  will  be  made,  and  that  when  it  is  discovered  extended 

22.5 

30  41.0 

42  38 

series  of  observations  will  be  undertaken  and  cari-ied  out 

26.5 

37  51.6 

30  53 

during  tlie  whole  period  of  visibility. 

Mai 

.  1.5 

45    0.6  ±1  56 

18  11  ±5  20 

0.51821 

0.11 

In  my  investigations  of  tliis  remarkable  comet,  1  found 
impossible  a  complete  solution  of  the  various  problems,  and 
expressed  all  my  results  in  terms  of  an  indeterminate,  y. 

5.5       52    7.5 

9.5       59 12.0 

13.5  20    6  14.7 

17.5       13 12.2 

4.'^6 

-25  50  10 

34  57 

18  59 

0.48546 

In  the  subjoined  ephemeris  I   give,  for  a  few  dates,  the 

21.5 

20    72 

2  22 

variations  of  tlie  apparent  right-ascension  and  declination 

25.5 

26  58.4 

-24  45    5 

for  the  probable  maximum  positive  and  negative  values 

29.5 

33  45.5 

27  15 

of... 

Ay.i 

.    2.5 

40  28.2  ±  2  24 

8.54  ±9  40  0.44800 

0.20 

FixDixi;  Ephemeris  for  Comet  1889  V. 

6.5 

47    6.3 

-23  50    4 

Gr.  M.T.            Apparent  a                    Apparent  8             log  A        Br. 
1S90             I'  =  0            Aa             r  =  0              a8 

10.5 
14.5  2 

53  .39.2 
1    0    6.3 

.30  53 
11  26 

h       in     s             III      s              o       t       f/         1       !t 

Jan. 29.5  18  47  17.2  ±140   -27  32  28  ±145  0.50996  0.08 
Feb.    2.0       54  31.7                        26  15 
6.5  19    1  40.4                        19  59 
10.5         9    1.2                        12 10 

18.5 
22.5 
26.5 
30.5 

6  27.5 
12  42.2 
18  50.0 
24  50.6 

-22  5147 
32    0 
12  12 

-2152  28 

0.40613 

14.5       16 15.5                          3  19               0.54638 

May  4.5 

.30  4.3.6  ±2.56 

.32  48  ±14  6 

0.3.5906 

0.29 

FILAK-MICKO^IETER   OBSERVATIONS   OF   FAYE'S   COMET, 

madk  wnil  the  2g-i>x'n  eijuatoriai,  of  the  leander  mccormick  observatory  of  the  university  of  virginia, 

By  ORMOND  stone. 


1895  Charlottesville  M.T. 

* 

No. 
Corap. 

#- 
/la 

-* 

.48 

^'s  appiirent 

1           8 

logiiA 
for  a       1     for  8 

h       111      s 

Nov.  12     8  33     8 

8 

4,4 

in    8 

+  0  3.18 

-0  44.2 

h       in       s 

21  33  23.57 

-5  53     0.0 

9.446 

0.773 

13     7  13     8 

9 

4,4 

+0  3.24 

-2  26.3 

21  34  32.13 

-5  54     7.2 

9.143 

0.781 

15     7  27     8 

11 

4,4 

+  0  6.05 

+  1  37.5 

21  37     2.76 

-6  55  50.8 

9.247 

0.780 

16     7  40     1 

12 

4,4 

-0  2.80 

+  0     4.7 

21  38  21.21 

-5  56  29.9 

9..373 

0.777 

18     7     7  35 

13 

20  ,4* 

+  1  2.12 

+  1     2.0 

21  40  56.19 

-5  57     7.0 

9.190 

0.775 

Mean  Places  for  1895.0  of  Comparison- Stars. 


Ked.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

0           /            " 

If 

8 

21  33  17.31 

+  .3.08 

-5  52  29.3 

+  13.5 

Comparison  with  >)c9 

9 

21  34  25.82 

+3.07 

-5  51  .54.7 

+  13.8 

Riimker,  Naclitrau  92 

10 

21  39     1.83 

+  3.07 

-5  58  .58.2 

+  14.1 

i(tirst  + second)  Munich  Catalogues 

11 

21  36  53.65 

+3.06 

-5  57  41.9 

+  13.6 

Comparison  with  >|clO 

12 

21  38  20.96 

+  3.05 

-5  56  48.3 

+  13.7 

Comparison  with  ^  10 

13 

21  39  51.02 

+  3.05 

-5  58  22.8 

+  13.8 

^  (first + second)  Munich  Catalogues 

*  On  Nov.  IS  the  differences  of  rlglit-ascension  and  declination  were  observed  ;  on  the  remaining  nights,  position-angles  and  distances. 
The  comet  was  always  very  faint  and  small. 


OBSERVATIONS   OF   LONG-PERIOD   VARIABLES, 

By  PAUL   S.  YENDELL. 


906.  R  TriamjuH. 
From  1895  Augu-st  26  to  1896  January  11,  I  have  tliirty 
observations  of  this  variable.  It  was  first  seen  on  the 
former  date,  and  its  magnitude  estimated  as  10". 7.  It  in- 
creased rapidly  and  steadily  to  a  maximum  of  6". 5,  which 
is  indicated  on  November  12 ;  there  are  some  indications 
of  a  double  maximum,  but  a  generalized  curve  gives  the 


above  date.     At  the  last  observation,  it  had  decreased  to 
8".0. 

1623.      T  Cdmi'ldjKirddlis. 

I  began  observing  this  star,  1895  November  27,  on  which 

date  I  estimated  its  light  at  8". 9.     It  increased  to  8".(), 

which  it  reached  on  December  4,  after  which   it  fell  off 

sharply  to  9"'.0,  at  which  brightness  it  was  observed   on 
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December  16.     Fioni  this  time  it  agiun  increased  rapidly, 
passing  a  maxiiniim  of  S^.'J  on  December  2"),  since  which 
it  has  steadily  declined,  its  brightness; 
tion,  1896  January  11,  being  9". 2. 
The  star  was  observed  twelve  times. 


it    till'  last  obseiva- 


7795.     Ji  r  Ci/'jiil. 

I  have  twenty  observations  of  B  V  Ci/ijui,  rather  unevenly 
spaced,  between  1895  April  23  and  1896  January  11.  At 
the  first  date  I  found  the  star  8". 8 ;  four  observations  to 
June  19  show  a  decrease  to  9". 5;  a  gap  occurs  in  the  ob- 
servations from  this  date  to  August  18,  when  the  star 
was  again  observed  at  9''.5;  it  began  to  increase  rather 
rai)idly  in  September,  and  in  November  had  reached  7". 75, 

Dorchester,  Maog.,  1S90  January  13. 


from  wliieli  it  again  decreased  rapidly,  luiving  fallen  to 
8". 5  at  the  last  observation.  A  generalized  curve  indicates 
a  mininiuni  of  9". 5  on  July  8,  and  a  maximum  of  7". 75  on 
November  15. 

8324.      V  Cassiopfuv. 

1  have  thirty  observations  of  this  star,  from  1895  July  28 
to  December  3.  It  was  estimated  at  9". 9  at  tlic  first  obser- 
vation, and  rose  rather  irregularly  to  a  nuixiniuin  of  7". 5, 
which  is  indicated  on  October  20.  At  the  last  observation 
it  had  fallen  to  8«.8. 

8594.      V  Cephei 

1  have  fifteen  observations  of  this  star  during  the  j'ear 
1895.     These  indicate  a  minimum  of  0".9  on  1895  July  8. 


ON   THE   VARIABILITY  OF   DM.  17°4:5G7, 

Bv  PAUL   S.   YENDELL. 


Since  the  announcement  in  the  lioston  Transcript  of  the 
variability  of  this  star,  I  have  observed  it  on  every  date 
when  it  has  been  possible  to  do  so. 

On  1895  December  31,  the  star  was  found  six  steps  below 
its  normal  brightness,  and  its  light  was  estimated  at  9". 5. 
On  1896  January  5,  it  was  invisible  in  my  telescope  at 
5"  40'",  6'"  5'",  and  6''  20'",  Local  Mean  Time,  the  limit  of 


vision  being  estimated  at  the  time  as  about  the  eleventh 
magnitude. 

These  observations  confirm  the  fact  of  the  star's  varia- 
bility, and  probably  its  type;  in  my  opinion,  however, 
sufficient  data  have  not  yet  been  secured  for  the  certain 
determination  of  its  period. 

Dorchester,  Ma^s.,  ISflO  January  11. 


The  following  ephemeris  has  been  constructed  from  Pro- 
fessor Campbell's  elements,  published  in  A.J.,  no.  301. 

Constants  for  the  Equatok  1896.0. 

X  =  r[9.96317]  sin  (  35° 31 .34  + 1>) 
y  =  r  [9.99649]  sin  (128  40.19 +  y) 
z  =  r  [9.61788]  sin  (234  56.44 +  r) 


lOPlIEMERIS   OF   COMET  c  1895  (PEumyE), 

'     Bv  t.   1).   I'EKUINE. 
1S9G 


Ephemeris  for  Greenwich  Mean 

ISOtJ  App.  a  App.  8  logr 

h       111  o        I 

Jan. 21.5     19  36.2         -9  20  0.001 

25.5  38.1         -8     1  0.036 

29.5     19  39.8         -6  47  0.069 
itcJt  Observatory,  1896  January  5. 


Midnight. 
log  A 

0.285 
0.311 


Br. 
0.65 

0.42 


App.c 


App.  S 


logr 


Feb. 


Mar. 


2.5 

19 

41.4 

-5  35 

0.098 

6.5 

42.8 

-4  26 

0.124 

10.5 

44.0 

-3  19 

(t.l49 

14.5 

45.1 

-2  13 

11.17] 

16.5 

45.6 

-1  39 

18.5 

45.9 

-]  7 

0.192 

20.5 

46.3 

-0  33 

22.5 

46.6 

-0  2 

0.212 

24.5 

46.7 

+  0  31 

26.5 

46.9 

+  1  4 

0.231 

28.5 

47.0 

+  1  37 

.  1.5 

19 

47.0 

+  2  9 

0.248 

log  A 


0.331 


0.343 


0.352 


0.358 


Br. 

0,20 
0.22 

0.18 

0.14 


NEW   ASTEROIDS. 


Prof.  Kreutz  has  communicated  the  discovery  of  two  small  planets  by  Charlois  January  7. 
CH   12A»    Jan.  8,  8'' 15"'.5  Nice  M.T.    a  =  7''    4"  58'.6,    ^i  =  +24°  54' 16".    Daily  motion, —60' in  «,  and  4' northward. 
CJ     13p  "        9''15'".8     "       "        «  =  7'' 20'"  54'.3,    5  =  +22°  21' 38".    Daily  motion, -52"  in  «,  and  5' northward. 
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ON    BOSS'S    SYSTEM    OF    DECLINATIONS    AND    ON    THAT    OF    THE 
ASTR  O  NO  MI 8  CHE   GE8ELL  8  CIIAFT, 

By  SIMON   ISTEWCOMB. 


I. 

Boss's  system  of  declinations,  wliieli  lias  been  adopted  in 
the  Amerkim  EiJhemerh  since  1881,  and  which  has  formed 
tlie  provisional  basis  of  my  work  on  the  planetary  theories, 
was  completed  in  1877,  fis  a  part  of  the  Report  of  the  U.S. 
Northern  Boundary  Commission.  In  constructing  his  work, 
the  author  adopted  the  plan,  which  had  been  so  extensively 
carried  out  by  Auwers,  of  correcting  the  declinations  of  the 
various  catalogues  so  as  to  reduce  them  to  a  mean  homo- 
geneous system.  An  additional  improvement  w^as  made  in 
regarding  the  mean  system  not  merely  as  a  constant,  but  as 
a  quantity  varying  uniformly  with  the  time.  This  course 
necessitated  a  division  of  the  authorities  into  two  classes, 
each  having  its  ovni  system  of  weights,  the  one  class  con- 
sisting of  absolute  determinations,  which  were  used  to  form 
the  mean  system ;  the  other  of  the  catalogues  which  were 
not  considered  as  available  until  they  had  been  corrected 
for  reduction  to  this  system. 

The  list  of  authorities  used  in  forming  the  mean  system, 
with  their  respective  weights,  will  be  found  on  page  478 
(72  of  the  Catalogue).  The  authorities  for  this  system 
commence  with  Bessel,  for  the  date  1821,  and  end  with 
Washington  for  the  date  1872.  I  find  the  weighted  mean 
epoch  to  be  1847.3. 

It  thus  appears  that  the  observations  on  which  the  funda- 
mental system  depends  extend  through  only  half  a  century. 
In  view  of  the  systematic  errors  which  affect  the  best  de- 
terminations of  declination,  even  to  this  day,  and  of  the 
very  diverse  elements  used  by  the  various  authorities, 
especially  the  different  constants  of  refraction,  which  Boss 
did  not  take  account  of,  it  might  fairly  be  expected  that 
the  proper  motions  of  the  system  would  show  systematic 
errors  that  would  speedily  make  themselves  felt.  During 
the  eighteen  years  which  have  elapsed  since  the  work  was 
published,  data  for  detecting  these  errors  have  so  accumu- 
lated that  a  good  estimate  of  their  probalile  amount  may 
now  be  made. 

The  principal  data  in  question  are  three  in  number. 

1.     AuwEEs's   re-reduction  of  Bradley's  observations. 


which  did  not  appear  until  after  the  publication  of  Boss's 
work. 

2.  The  very  accurate  observations  and  discussions  made 
since  the  appearance  of  Boss's  work,  especially  those  of 
Pulkowa  and  Greenwich. 

3.  My  own  work  on  the  planetary  theories,  resulting  in 
a  determination  of  the  magnitude  of  the  mean  error  in  the 
region  of  the  equator,  and  of  its  secular  variation. 

II. 

I  propose  to  consider  three  classes  of  systematic  differ- 
ences between  the  Boss  system  and  Auwees-Bradlev. 
First  we  investigate  the  general  correction  to  the  former  in 
the  equatorial  zone.  From  the  planetary  theories  (^Astro- 
nomical Constants,  page  89),  I  found  the  result. 

Correction   =    +0".09  +  0".42  T 
T  being  the  time  from  1850,  in  terms  of  the  century  as 
unit. 

The  correction  for  the  epoch  1850  I  regard  as  quite  re- 
liable, and  probably  correct  within  ±0".07.  The  secular 
term,  however,  is  less  reliable,  owing  to  the  difficulty  of 
reducing  the  older  observations  to  any  one  standard  with 
entire  certainty.  I  have  therefore  endeavored  to  test  the 
result  in  other  ways.  The  series  of  observations  made 
on  a  uniform  plan  with  the  Greenwich  Transit-Circle  since 
1851  ought  to  give,  however  weakly,  some  sort  of  a 
controlling  result,  because  the  most  important  systematic 
errors  which  they  are  affected  with  would  probably  remain 
unchanged  throughout  the  series,  especially  when  observa- 
tions direct  and  by  reflection  are  combined.  In  Astronomi- 
cal Papers,  Vol.  II,  page  447, 1  have  given  a  result  showing 
the  apparent  mean  correction  to  Boss's  equatorial  system 
in  zenith-distance  south,  and  in  polar-distances,  for  each 
year  from  1851  to  1887,  wdien  the  observations  are  all  re- 
duced on  a  uniform  system.  I  prefer  to  take  the  polar- 
distances,  rather  than  the  zenith-distances,  less  from  any 
belief  in  a  progressive  change  in  the  latitude  than  from  a 
possibility  of  systematic  errors  in  the  determination  of  the 
nadir-point. 
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The  secular  term  to  the  correction  of  Ross'.s  declinations 
which  results  from  the  table  in  question  is 

Cent.  var.  of  correction  =    +0".27. 

We  must  admit,  however,  that  the  probable  error  of  this 
quantity  is  fully  equal  to  its  whole  amount. 

I  have  obtained  the  same  quantity  by  a  comjiarison  of 
the  Pulkowa  declinations  for  1845  witli  those  for  1885;  an 
interval  of  forty  years.  To  do  this  it  was  necessary  to  re- 
duce them  to  the  same  absolute  standard.  In  the  Catalogue 
for  1885,  NvRfey  has  changed  the  constant  of  refratition 
and  the  correction  for  temperature,  as  well  as  introduced  a 
slight  change  in  the  latitude.  It  is  therefore  necessary-  to 
reduce  the  late  cativlogue  to  the  same  standard  as  the  earlier 
one,  by  allowing  for  these  changes.  This  is  rendered  very 
easy  by  a  comj)arison  which  Nvittx  gives  in  the  Intro- 
duction to  his  last  catalogue,  page  (2).  I  thus  find,  when 
both  catalogues  are  reduced  to  the  same  standard,  for  the 
secular  term  in  question, 

+  0".45r 

Taking  these  results  in  connection  with  Boss's  own  work, 
which  would  give  the  value  zero,  I  have  reached  the  con- 
elusion  that  the  most  probable  secular  term  is 

+  0".38  T 

If  the  mean  error  of  this  result  is  estimated  by  tlie  dis- 
cordance among  the  eight  separate  results,  it  would  be 
±0".09.  But  I  think  there  is  a  fortuitous  agreement  be- 
tween the  separate  results,  and  that  the  error  may  be  as 
large  as  ±0".;?0.  Yet  this  would  lead  only  to  an  error  of 
±0".45  at  the  epoch  2000. 


III. 

The  next  class  of  systematic  errors  suggested  by  tlie 
comparison  between  Boss  and  Bk.adley  is  that  depending 
upon  the  declination.  In  this  and  the  next  comparison  I 
have  availed  myself  of  a  very  careful  comparison  of  Bess's 
declinations,  reduced  to  1755,  with  those  of  Ai-wkes- 
Bradley,  which  was  made  by  Mr.  Ci.kveland  Keith,  an 
Assistant  in  the  Nautical  Almanac  Office,  some  years  since. 
This  work  showed  that  the  residuals,  when  arranged  in  the 
order  of  declination,  were  of  a  quasi-periodic  character, 
which  the  computer  found  could  be  represented  very  closely, 
at  least  for  stars  of  southern  Z.D.,  by  the  corrections 
Jz  found  in  Vol.  II,  page  252,  of  Auweks's  work.  These 
corrections  were  applied  by  Auweks  to  his  declinations 
as  printed  and  used,  and  the  comparison  with  Boss  showed 
that,  had  they  not  been  apjdied,  the  periodic  cliaracter  of 
the  deviations  from  Boss  in  question  would  not  have  been 
noticeable.     Since  Bradley's  work  did  not  enter  at  all  into 


Boss's  fundamental  system,  and  entered  with  only  a  very 
small  weight  in  the  places  of  the  separate  stars,  this  result 
was  of  a  nature  to  throw  doubt  on  the  realitj'  of  the  cor- 
rections in  ((uestion.  Still,  without  other  material  than 
that  afforded  by  the  comparison,  it  would  be  difficult  to 
reach  a  decisive  conclusion  on  this  subject.  The  most 
recent  astronomical  work  will  enable  us  to  reach  a  conclu- 
sion, based  on  tlie  following  considerations. 

If  the  corrections  in  question,  as  applicable  to  Boss's  de- 
clinations in  1755,  are  real,  then  these  declinations  will  be 
affected  by  a  systematic  error  of  tlie  proper  motion,  of  cor- 
responding amount.  The  central  epoch  of  Boss's  work 
being  1847,  the  probable  magnitude  of  the  error  thus  intro- 
duced into  the  projier  motions  will  be  equal  to  the  correction 
in  question,  divided  by  the  elapsed  interval,  92  years.  The 
effect  of  this  error  upon  the  declinations  in  1885  will  be 
about  0.4  of  the  error  in  1755,  taken  in  the  opposite  direc- 
tion. This  quantity  ought  to  be  made  evident  by  the  recent 
Catalogues  of  Pulkowa  and  Greenwich. 

On  the  other  hand,  if  the  corrections  are  unreal,  the  A.G. 
system  will  be  affected  by  a  corresponding  error,  though  its 
amount  will  be  smaller  at  the  present  time.  The  modern 
epoch  for  the  A.G.  system  is  about  1865.  Hence  in  1885 
the  error  will  be  about  one-fifth  of  its  amount  in  1755. 

An  examination  of  AuwEits's  table.  I.e.  page  252,  shows 
that,  within  the  zone  42°  to  45°.5  of  declination,  the  mean 
value  of  the  correction  in  question  was  +1".20,  while  with- 
in the  zone  35°  to  38°  the  mean  value  was  — 0".50. 

It  will  be  better,  however,  instead  of  using  these  cor- 
rections, to  take  the  actual  differences  between  the  catalogue 
places  after  they  are  applied.  To  show  the  case  fully,  I 
give  the  data  for  the  individual  stars  contained  in  these 
two  zones.  The  first  column  contains  the  corrections  to 
Boss's  declinations,  as  given  by  the  printed  results  of 
Auwers  in  Vol.  Ill  of  his  work,  where  the  correctiiMis  are 
applied.  Next  we  have  the  corrections  given  by  the  four 
modern  catalogues  alreatly  mentioned  at  the  several  epochs 
from  1875  to  1890. 

Zone  A.     +35°.4  to  +38°.4. 


1755 

1875 

1880 

1885 

1890 

Auwers 

Pulk. 

Greenw. 

PiUk. 

Greenw. 

f  Persei 

-0.5 

+0"09 

+0.22 

+0.28 

> 

u  Lynfis 

-1.4 

-   .02 

-   .09 

-   .19 

— 

T  Cijgni 

-3.4 

-   .28 

-   .37 

-   .53 

— 

TtHetxidis 

-2.4 

+   .55 

-   .15 

+   .44 

_ 

f),  Andromedae 

-4.5 

+   .41 

+  .40 

+  .54 

+  0.90 

6  Anriijae 

-1.3 

+   .18 

+   .06 

-   .09 

_ 

dHerculls 

-1.4 

-  .53 

-  .70 

-  .76 

_ 

p^  Herculis 

-2.5 

-  .05 

+  .10 

-  .12 

_ 

6P  Ctjgnl 

-2.5 

+  .33 

-   .34 

-   .(15 

-0.34 

p  Persei 

-2.4 

-0.49 

+0.29 

-0.08 

- 

Mean 

-2.23 

+  0.02 

-0.06 

-0.06 

+0.28 
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Zone  B. 

+42°.7 

to  +44° 

.0. 

1755 

1875 

1880 

1885 

1890 

Auwers 

Pulk. 

(Jreenw. 

Pulk. 

Greeiiw. 

<r  Here  111! s 

fi 
+  0.7 

+  0.12 

+  0'!24 

-o"09 

ff 

^  Ci/qn  i 

+  0.8 

-   .50 

-O.-W 

-   .32 

— 

K  A'lul roiiii'dni; 

-0.3 

-   .27 

-1.01 

-   .53 

— 

^  llfrciiUs 

0.0 

+  0.43 

+  0.57 

_ 

— 

F.  4  Jlevetdis 

+  0.8 

+  1.01 

+   .77 

— 

_     . 

£  Aurifjae 

-0.1 

0.00 

— 

-   .04 

— 

X  Ursiie  Maj. 

+  1.7 

-   .04 

+   .02 

+   .07 

_ 

It  Ctj'ini 

-0.6 

+   .03 

-   .36 

+   .15 

-0.14 

8  Ci/r/ni 

-0.4 

-   .06 

+   .10 

.00 

_ 

^  Aiirit/ae 

+  0.1 

-0.22 

-0.08 

+  0.12 

+  0.04 

Mean 

+  0.27 

+  0.05 

-0.04 

-0.08 

-0.05 

To  show  the  bearing  of  these  numbers  upon  the  question, 
we  remark  tliat,  rejecting  entirely  tlie  projier  motions  found 
by  Boss,  we  must  give  great  weight  to  his  declinations  for 
tire  epoch  1847,  which  amounts  to  regarding  their  correction 
at  that  date  as  zero.  Thus  the  corrections  for  the  three 
epochs  1755,  1847  and  1880,  ought  to  be  consistent.  The 
deviations  from  consistency  are  shown  as  follows : 


1' 


Zone  A, 
Zone  B, 
Difference, 


with  Jz 
-2.23 
+0.27 
+  2.50 


without  Jz 

// 

-1.73 
-0.93 
+0.80 


1847 

0 
0 
0 


1880 

-0"02 
-0.03 
-0.01 


To  the  conclusions  from  considering  each  zone  separately, 
it  might  be  objected  that  I  have  applied  no  systematic  cor- 
rections to  the  recent  declinations.  These  corrections,  how- 
ever, should  be  nearly  the  same  for  the  two  zones,  and 
therefore  should  be  eliminated  from  their  difference.  I 
therefore  show  also  the  differential  corrections,  which  it 
will  be  seen  do  not  justify  the  large  corrections  applied  by 

AuWKKS. 

IV. 

The  remaining  class  of  well-marked  differences  between 
Boss  and  Auwers-Beadlp:y  are  those  which  depend  upon 
the  right-ascension.  If  this  systematic  difference  were  the 
same  in  all  declinations,  it  might  be  difficult  to  reach  a  con- 
clusion through  a  comparison  with  recent  catalogues.  But 
Mr.  Keith,  in  continuing  his  work,  found  that  the  periodic 
term  depending  on  the  right-ascension  varied  markedly 
with  the  declination.  The  mean  result  in  the  most  well- 
marked  cases  is  this : 

Within  the  zone  of  declination  +10°  to  +20°  we  have 
the  mean  periodic  difference, 

Bradley-Boss   =    —  0".35  cos<t  +  0".04  sin« 

while  within  the  zone    +32°  to   +48°  the  corresponding 
periodic  difference  is 

Bkadley-Boss   =    +0".65  cos«  +  0".02  sin« 


Reasoning  in  the  same  way  as  before,  we  find  that  if 
Bo.ss's  declinations  really  required  these  corret'tions  in 
1755,  they  should,  in  the  year  1880,  require  the  corrections 

Zone  +10°  to  +20°,  +0".13  cos  a  -0".01  sin« 

Zone  +32°  to  +48°,  -0".24  cos«  -0".01  siu« 

Difference,  —  0".37  cos  a 

A  comparison  with  the  same  catalogues  as  before,  and  a 
development  of  the  difference  in  the  above  form,  shows  the 
following  corrections  to  Bo.ss  given  by  those  catalogues. 

Zone  +10°  to  +20°. 


Pulkowa,  1875, 
Greenwich,  1880, 
Pulkowa,  1885, 
Greenwich,  1890, 

Mean, 


Pulkowa,  1875, 
Greenwich,  1880, 
Pulkowa,  1885, 
Greenwich,  1890, 

Mean, 


+  0.06  cos«  -0.04  sin«  wt.  =  2 

-0.03  cos«  +0.00  siiu<  "  2 

+  0.03  cos«  —0.04  siu«  "  3 

+  0.10  cosK  +0.18  sinrt  "  1 

+  0.03  cos  a  +0.00  sin  a 

Zone  +32°  to  +48°. 

—  0.02  cos  a  —0.03  sin  «  wt.  =  2 

—  0.11  cos  a  —0.04  sin  «  "  2 
+  0.07  cosa  +0.05  sin  a  «  3 
+  0.18  cosa  +0.11  sin«  "  1 

+  0.02  cos  ft  +0.02  sin« 


These  means  seem  scarcely  compatible  with  the  reality 
of  the  Auwees-Bkadley  corrections  for  1755. 

But  it  may  be  qitestioned  whether  these  periodic  terms 
may  not  be  seriously  affected  by  the  neglect  of  the  variation 
of  latitude  in  the  reductions,  and  whether,  by  allowing  for 
this,  their  magnitude  might  not  be  clianged  by  an  amount 
sufficiently  near  to  the  value  required  to  show  the  reality 
of  the  corrections  in  question. 

How  great  soever  this  periodic  term  might  be,  it  would 
not  affect  the  difference  of  the  errors  for  the  two  zones. 
Taking  this  difference,  we  have  the  resulting  relative  cor- 
rections, 

1755,         +  LOO  cos  « 
1847,  0.00  cos  K 

1885,         -0.01  cos« 

The  results  for  the  two  modern  epochs  seem  incompatible 
with  the  reality  of  the  correction  in  question  for  1755.  I 
tlierefore  conclude  that  this  difference  also  is  mainly  or 
entirely  due  to  error  of  the  Bradley  declinations. 

V. 
The  A.G.  system  is  constructed  by  a  comparison  of  the 
Bradley  declinations  with  modern  authorities,  of  which 
the  mean  epoch,  as  already  stated,  is  about  1865.  If  the 
conclusions  of  the  present  investigation  are  correct,  it  fol- 
lows that  the  proper  motions  of  the  A.G.  system  are  affected 
by  errors  which  from  and  after  the  year  1900  will  reach  a 
somewhat  serious  amount,  quite  unfitting  it  for  use  as  a 
standard.     Even  before  that  time  the  corrections  which  it 
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requires  vary  so  rapidly  within  moderat*  limits  of  decli- 
nation that  its  rigorous  correction  wiU  not  be  a  very  simple 
process.  The  region  witliin  whicli  the  error  is  largest  is 
that  bounded  by  the  parallels  +34°  and +39°  of  declina- 
tion, and  the  circles  22''  and  2''  of  right-ascensio-i,  including 
much  of  the  constellation  Amlromedu.  Here  the  maximum 
correction  in  1755  seems  to  be  about  3".l,  and  the  general 
mean  correction  about  2". 5.  The  systematic  error  of  projjer 
motion  thus  arising  would,  at  the  epoch  1900,  cause  an  error 
requiring  a  correction  of  —  0".80.  The  following  are  the 
Pulkowa  standard  stars  lying  in  or  on  the  borders  of  the 
zone  in  question,  and  the  corrections  given  by  Nyk^n  to 
tlie  declinations  of  the  Berliner  Jahrhuch  for  1885. 

Pulkowa  1885  — B.t/; 

T  Cijyni,  —0.49 

27  Pegasi,  -0.64 


n  Pegasi, 

-0.71 

It  Andromedae, 

-0.01 

ft  Andro)in'diie, 

-0.31 

(i  Androtiieddfi, 

-0.63 

jS  Trianguli, 

-0.06 

p  Pegasi, 

-0.14 

It  fortunately  haiijjens  that  the  zone-observations  whose 
reductions  are  based  on  this  system  were  not  made  at 
epochs  so  long  after  1865  that  the  errors  of  the  proper 
motions  will  cause  serious  trouble  in  reducing  the  decli- 
nations of  these  zones  to  such  standard  as  in  the  future 
juay  seem  to  be  best.  If  such  reduction  proves  to  be  neces- 
sary in  the  refined  work  of  the  future,  the  comparative  ease 
with  which  it  can  be  made  affords  a  yet  stronger  reason 
for  regarding  the  A.  G.  system  as  only  for  temporary 
use. 


NOTES  ON  VAKTABLE   STARS,  — No.  11, 

By   HENKY    M.    PAKKHUKST. 
Results  ok  Observations. 


Observed  Date 

Xo. 

.star 

Pliase 

Julian 

Calendar 

E 

Corr. 

w 

Remarks 

5677 

H  Serpentis 

Min. 

3312 

IS'J6 

Apr.  28 

71 

-21 

1 

See  A.J.  308  and  3.3:5.     Min.  probably  earlier 

{i 

it 

Max. 

3453 

Sept.  16 

71 

-31 

9 

Fluctuates  near  the  maximum 

5688 

R  Librae 

Max. 

3382: 

July     7 

19 

-264 

2 

Not  recognized  in  1891 ;  not  looked  for  in  1893.    Period 

158.2  days  ? 

5761 

Z  Scorpii 

Max. 

3426 

Aug.  20 

22 

+  24 

5 

Maxima  sinking  into  tlie  western  twilight 

5831 

S  Scorpii 

]Nrax. 

3367 

June  22 

120 

+   1 

3 

5887 

V  Ojih ini:h i 

Min. 

3355 

June  10 

26 

— 

4 

Combined  with  A.J.  333  in.Tkes  M—m  =  175 

5928 

TOphiuchi 

Max. 

3503 

Nov.     5 

36 

- 

0 

Xot  seen  in  '112,  '94,  or  "'Jo.     .June  to  September,  11 
dates 

5950 

W  Ilerculis 

Max. 

3398 

July  23 

21 

-   1 

7 

Descent  slower  than  last  year 

6044 

S  Herculis 

Max. 

339.S.r) 

July  23 

46 

+  55 

9 

6132 

R  Ophiuchi 

Min. 

2987: 

June    7 

45 

— 

- 

1894,  assumed  midway 

ii 

li 

Max. 

3404 

July  29 

46 

-36 

1 

May  have  been  earlier 

6207 

Z  Ophiuchi 

Min. 

3455 

Sept.  18 

2 

- 

4 

Elements,  A.J.  347;  makes  M—m  =  208 

6512 

TllerciiUs 

Max. 

346C.4 

Sept.  29 

61 

+  3 

9 

6682 

X  Ophiuchi 

Min. 

3531 

Dec.      3 

11 

+   7 

9 

A.J.  319.     By  my  elements,  A.J.  311,  corr.  +3 

6849 

R  Aquilae 

Min. 

3531 

Dec.     3 

43 

+  44 

7 

Secondary  term  still  diminishing;  see  A.J.  311.     Per- 
haps it  is  not  too  early  to  propose   the  provisional 
sine  formula;  2:J99167 +  :«O.OE  +  l(ll}  .sin5°l  E 

6894 

S  Li/rae 

Max. 

3525.3 

Nov.  27 

_ 

_ 

9 

Period  439  days,  probably  not  divisible 

6903 

T  Sagittarii 

Max. 

3001 

June  21 

26 

+  162 

2 

From  observations  of  1894,  ^.,^.339 

<i 

(C 

Max. 

3384 

July     9 

27 

+  161 

5 

The  min.  in  A.J.  339  probably  two  months  too  early. 
Perioil  439  days  ? 

6921 

S  Sagittarii 

Max. 

3469 

Oct.      2 

46 

-   8 

9 

Changes  slow  at  maximum 

(7010) 

—  Sagittae 

— 

— 

— 

— 

— 

— 

Xot  seen  in  1S93,  1S94,  or  1895.  August  to  November, 
18  dates 

7045 

R  Cygni 

Max. 

3405.5 

July  30 

35 

-  3 

9 

7085 

RTCygni 

Max. 

3386.0 

July  11 

15 

+  23 

9 

El.,  .-1.^.319.     Period  from  my  obs.,  191.3;  see^l. 7.311 

K 

tt 

Min. 

3479.4 

Oct.    12 

16 

+  27 

9 

7118 

X  Aquilae 

Max. 

3398 

July  23 

2 

+  2 

5 

Elements,  A.J.  347.     Probably  obs.  begun  too  late 

7192 

Z  Cygni 

Max. 

3520 

Nov.  22 

12 

2 

9 

Faint.     Time  consistent  with  last  two  max. 

7234 

R  Capriconii 

Max. 

3477.5 

Oct.    10 

38 

-22 

9 

Correction  corresponds  with  preceding  years 

7252 

W  Capriconii 

Max. 

3511 

Nov.  13 

41 

+  11 

5 

Elements,  A.J.  319 

(7302) 

—  C'ipricorni 

- 

- 

- 

- 

- 

- 

Nearly  or  quite  constant.     See  following  note 

N"-  3G5 
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(7302).  In  the  first  reduction  of  my  photometric  observations,  the  assnnied  variable  was  omitted  in  fixing  the  standard.  All  the  esti- 
mates liaving  been  coniiiaiisons  with  Y  (SD.  — l(i°5574),  a  doubt  arose  which  was  variable.  Tlie  second  reduction  allowed  half  weight 
to  V  and  Y.  The  third  reduction,  given  in  the  table  of  ol)Servations,  gives  full  weight  to  each  of  these  stars.  By  the  theory  of  i)rol)a- 
bilities  each  of  these  stars  is  as  constant  as  the  otiier  comparison-stars  employed.  There  is  an  apparent  variation  of  half  a  magnitude, 
witli  a  period  of  about  fifty-four  days,  shown  lioth  in  tlie  estimates  and  in  the  [iholometric  oliservations;  on  Oct.  17,  Fa])pearing  0>'.26 
fainter,  and  on  Nov.  13  U>'.27  lirlgliler  than  1',  althougli  this  ditt'crence  a]i]iears  to  be  divided  between  tlie  two  stars.  I  tliink  all  the 
differences  atmospheric,  and  the  iierlodiril y  acciilenliil.  Wliile  tlie  cliiuiiKitioii  of  all  ])ossilil('  bias  in  my  method  of  photometric  obser- 
vation, extinguishing  each  star  by  itself,  tends  to  conlirm  coincident  results,  ou  the  other  hand  observations  may  be  greatly  affected  by  a 
changing  sky  without  attracting  attention,  and  inconsistent  results  must  be  received  with  caution. 


Individual  Observations. 


5677  R  Serpentis. 

(Continued  from  333.) 

Jidian     Calendar 

Mag. 

1895 

3305.6  Apr.  21 

12.8] 

3307.6           23 

13.1 

3325.6  May  11 

12.8 

3337.6           23 

12.6] 

3342.6           28 

12.6 

3361.6  June  16 

12.5 

3423.5  Aug.  17 

8.74 

3434.6           28 

7.02 

3442.5  Sept.    5 

6.29 

3452.5           15 

6.25 

3457.6           20 

6.66 

3464.5           27 

6.25 

3468.5  Oct.     1 

6.61. 

3470.6             3 

6.70 

3484.5            17 

6.89 

5688  R  Librae. 

18M 

2983     June    3 

11.6] 

3013     July    3 

11.7' 

3038              28 

11.6; 

1805 

3327.6  May  13 

11.7] 

3364.6  June  19 

11.2 

3370.6           25 

10.5] 

3385.6  July  10 

10.6 

3386.6           11 

11.09., 

3403.6           28 

11.7 

3419.6  Aug.  13 

12.1 

5761  Z  Srorpii. 

(Continued  from 

333.) 

3330.6  May  16 

13.0 

3342.6           28 

12.8 

3359.6  June  14 

12.0 

3385.6  July  10 

11.0 

3419.6  Aug.  13 

10.8 

3423.6           17 

10.78., 

3427.5           21 

10.44,; 

3428.5           22 

10.781 

3429.5           23 

11.10" 

5831  S  Soorjtii. 
(Continued  from  333.) 
3330.G  May  16     12.7: 
3359.6  June  14     11.5 
3365.6  20     10.69, 

3384.6  July    9     11.6 
3387.6  12     10.94, 

3394.6  19    11.692 


5887  VOphiuchi 

(Continued  from  333.) 

Julian    Calendar       Mag. 

IS'Ji 

3327.6  May  13  9.6 

3342.6  28  9.6 

3361.6  June  16  9.8L 

3384.6  July    9  9.36, 

5950  Wllerrii/is. 
(Cpntinued  from  333.) 

3307.5  Apr.  23     12.0] 

3337.6  May  23  11.3 
3378.6  July  3  9.14,, 
3385.  (!  10  8.  (■)().; 
3397.6  22  8.45^ 
3401.0  26  8.54 
3404.6  29  8.591 
3408.6  Aug.  2  8.52^ 
3416.6  8       8.78^ 

6044  SmirulU. 

(Continued  from  333.) 

3327.6  May  13  11.0 

3351.6  June    6  10.50, 

3360.6  15  9.58^ 

3368.6  23  9.20l 

3377.6  July    2  8.53.'; 

3385.6  10  8.03^ 

3394.6  19  7.64^ 

3398.6  23  7.19^ 

3401.6  26  7.68.; 

3404.6  29  8.04.; 

3411.6  Aug.    5  7.58; 

3420.5  14  7.93J 

6132  R  Ophiuchi 

1894 

2983  June  3  12.7] 

3000  20  12.5] 

3013  July  3  12.9 

3035  25  12.4 

3047  Aug.  6  12.2 

3403.6  July"  28  7.5 
3404.6  29  7.15., 
3414.6  Aug.  8  7.56; 
3418.5  12  7.38; 
3424.5  18  7.70; 
3431.5     25  7.84; 

3441.5  Sept.  4   8.35.^ 

6207  Z  Ophiuchi. 
(Continued  from  333. 

3447.6  Sept.  10     10.7 
3455.6  18     11.9 


6207  Z  Ophiuchi— Com. 

Julian    Calendar  Mag. 

189.5 

3459.5  Sept.  22  11.1 

3477.5  Oct.  10  11.1 

3484.5     17  11.2 

3491.5     24  10.8 

3503.5  Kov.    5  10.9 

6512  THerculis. 
(Continued  from  333.) 

3337.6  May  23       9.4 
3419.6  Aug.  13  11.7 
3429.6           23  10.70,, 
3445.5  Sept.    8       9.77; 
3452.5            15       8.60; 
3459.5           22  7.78; 

3464.5  27   7.771 

3467.6  30  7.96„ 
3470.6  Oct.  3  7.76; 
3474.5      7  8.34, 

3484.5  17  8.38„ 

6682  X Ophiuchi. 
(Continued  from  333.) 

3449.6  Sept.  12  7.05 

3465.5  28  7.74„ 

3470.6  Oct.  3  7.35; 
3474.5  7  7.50; 
3485.5  18  8.14; 
3495.5  28  8.09; 
3501.5  Nov.  3  8.35; 
3511.5  13  8.35; 
3517.5  19  8.10; 
3525.5  27  8.99; 
3532.5  Dec.  4  8.941 
3540.5  12  8.41! 
3550.5  22  9.08! 
3555.5         ■  27  8.441 


6849  R 

Aou 

'lae. 

(Continued  from  339.) 

3424.5  Aug. 

18 

9.17,, 

3442.5  Sept 

5 

9.90, 

3452.5 

15 

10.67„ 

3464.5 

27 

10.46„ 

3474.5  Oct. 

7 

11.00,, 

3485.5 

18 

11.18„ 

3490.6 

23 

11.15 

3503.5  Nov. 

5 

11.72„ 

3509.5 

11 

11.83,, 

3516.5 

18 

11.89,, 

3520.5 

00 

11.92, 

3533.5  Dec. 

5 

11.9 

6849  7i;  Aquilae  —  Cowt. 
Julian    Calendar      Mag. 

I89G 

3540.5  Dec.  12  11.6] 

3542.5  14  11.91,, 

3550.5  22  11.38; 

3555.5  27  11.16J 

6894  S  Lyrae. 


(Continued  from  339.) 

3337.6  May  23 

12.1] 

3386.6  July  11 

12.6' 

3419.6  Aug.  13 

12.8= 

3451.6  Sept.  14 

12.3' 

3484.5  Oct.   17 

12.2 

3490.5           23 

12.0 

3509.6  Nov.  11 

10.51„ 

3513.5            15 

10.38; 

3517.5            19 

10.41, 

3520.5           22 

10.08; 

3525.5            27 

9.98, 

3531.5  Dec.     3 

lo.is; 

3533.5              5 

10.36; 

3540.5            12 

10.11; 

3550.5           22 

10.73; 

•     6903  T  Sarjittarii. 

(Continued  from  339.) 

3377.6  July    2 

7.81,, 

3384.6              9 

7.3  ■ 

3385.6            10 

7.52,, 

3387.6            12 

7.63; 

3393.6            18 

8.18^ 

6921  S  Siujitt 

irii. 

(Continued  from  339.) 

3425.5  Aug.  19  12.2: 

3447.6  Sept.  10  11.3 
3448.6     11  11.45 
3450.6     13  10.90' 

3452.5  15  11.21' 

3454.6  17  11.07' 
3455.5  18  10.86' 
3459.5     22  10.25' 


3464.5 


27  10.28. 


3474.5  Oct.  7  10.22 

3477.5     10  10.40" 

3481.5     14  10.21; 

3484.5  17  10.38; 

7045  R  Cijijni. 

3378.6  Julv  3  7.59, 
3382.6  "  7  7.31; 
3384.6              9  6.821 


7045  R  Ci/gni—Cont. 

Julian    Calendar  Mag. 

3386.6  July '11  0-61, 

3387.6            12  6.90; 

3393.6            18  7.01; 

3403.6           28  6.6O; 

3404.6           29  6.78; 

3408.6  Aug.    2  6.72^ 

3418.6            12  6.92, 

3429.6           23  7.38," 

3431.6           25  7.55,, 

7085  RT  Ci/fjni. 
(Continued  from  339.) 

3351.6  June    6  8.41, 

3352.6              7  8.46; 

3361.6            16  7.96; 

3368.6           23  7.541 

3378.6  July    3  7.641 

3382.6              7  7.49; 

3384.6              9  7.29; 

3386.6            11  7.04; 

3387.6            12  7.44; 

3393.6            18  7.8OI 

3403.6           28  7.461 

3404.6            29  7.75; 

3429.6  Aug.  23  9.4  " 

3448.6  Sept.  11  11.3 

3451.6            14  11.85, 

3455.6            18  11.76; 

3459.6           22  12.31, 

3464.5           27  12.67; 

3477.5  Oct.   10  12.72, 

3484.5  17  12.96; 

3490.6  23  12.98" 
3505.5  Nov.  7  11.8 
3508.5     10  11.16, 

3511.5  13  10.84,; 

7118  X Ai/uilac. 
(Continued  from  339.) 

3394.6  July  19  9.88, 
3401.6  26  9.79.1 
3403.6  28  10.10; 
3404.6           29  10.01^ 

7192  ZCygvi. 
(Continued  from  339.) 

3452.6  Sept.  16  12.2 

3477.5  Oct.    10  10.5 

3485.5            18  10.74, 

3495.5           28  9.79, 

3501.5  Nov.    3  10.02, 
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7192  Z  Ciiiini- 

luliiin    CiiliMnlar 

isi»:i 
lo 


3511.5  Nov 

3517.5 

3519.5 

3525.5 

3531.5  Dec 

3540.5 


19 
21 
27 
3 
12 


•Com.   I 
Mag.  \ 

9.52., 
9.10." 
9.00', 
9.26,' 
9.531 
10.09,'. 


7234  R  Citpr!<-orni. 

(Conlinueii  from  339.) 
3449.6  Sept.  12  11.6 
3450.5  13     12.08„ 

3451.5  14     11.99.' 

3454.5  17     12.14., 

3455.5  IS     12.01., 

3459.5  22     12.23' 

3475.5  Oct.     8     11.8 


723iBCaj}ric.- 
.luUan    Calonilar 

1 8116 

3477.5  Oct.    10 
3484.6 
3490.5 
3503.5  Nov. 
3509.5 


17 

23 

5 

11 


•  Cent. 

Mag. 

11.76., 
11.81., 
12.0i' 
12.09. 
12.03o 


7252  W  Cuprlforni 

(Coiitimieil  from  3311.) 

3450.6  Sept.  13  13.4] 


3455.6 

3475.5  Oct. 

3477.5 

3484.5 

3490.5 

3502.5  Nov. 

3509.5 


18 
8 
10 
17 
23 
4 
11 


13,2] 

13.5 

1 3.22. 

13.1.3; 

12..5]- 

12.35 

12.14. 


7252  IJ'  Cuprk. 

.Miliaii    CaU'iiilar 

isii:. 

3513.5  Nov.  15 
3516.5  18 

3520.5  22 

(7302)  -  Capri 
vm 
2692     Au;,'.  16 
Sejit.    2 


-Cent. 
Mag. 

11.88., 
12.28., 
12.1 


2709 
2718 
2742 
2766 
2805 

3017 
3079 
;>096 
3131 


11 
Oct.  5 

29 
1  )pc.  7 

July  7 

Sept.  7 

24 

Oct.  29 


10.7 
10.4 
10.4 
10.6 
10'.  4 
10.5 

10.6 
10.3 
10.2 
10.3 


(7302) 
Juliau 

3153 

3403 

3428 

3455 

3478 

3481.5 

3-ISt.(i 

3485.5 

3486.5 

3487.5 

3488.5 

3490.5 

3491.5 

3495.5 

3496.5 


—  Capric. 
Calenilar 

Nov.  20 

1S06 

July  28 

Aug.  22 

Sejit.  18 

Oct.    11 

14 

17 

18 

19 

20 

21 

23 

24 

28 

29 


—  Cont. 
Mag. 

10.2 

10.7 

10.1 

10.7 

10.2 

10.38,, 

10.47^ 

10.33,, 

10.39; 

10.34; 

10.52; 

10.30; 

10.07; 

10.18; 

10.27; 


(7302)  —  Capric.  —  Cont, 

Julian    Calcmlar       Mag. 

iMiir, 

3497.5  Oct.  30 
3499.5  Nov.  1 
3501.5  3 
3511.5     13 


10.28,, 
10.32;^ 
10.28, 


10.2£ 


C'o.MI'AKI.SUN-StAUS. 

(7302)  -  Caprkorm. 
1  W  -16°5573    9.73    2 
2jr-16°5580    9.74  15 

r_l(i°5574  10.42  27 
2  3'-16°556910.;!7  14 

ri«5/'2Jr     10.3128 


OBSERVATIONS   OF   COMET  c  1895  {i-ebrine), 

Jl.\nE    -iVT   THE   BOSTON    UNIVERSITY    OBSEKVATORY, 

By  j.    B.   COIT  AND  G.   E.   WHITAKEK. 


1895  W.  M.T. 

* 

No. 
Comp. 

-* 

^8 

S^'s  apparent 
a           1             8 

logpA 
foro      1     for  8 

Obs. 

0 

W 

C 

C 

C 

ti        m       s 

Nov.  27  17     7  39 

34     5 

Dec.    3  17  17  13 

6  17  38  12 

18     8  21 

1 

1 
o 

3 
4 

6,6 
3  ,3* 
6,4 
6  ,5 
3* 

in       » 

-1   28.46 
-1  24.74 
-1  26.82 
-0  29.28 
+  0  13.24 

+  7  29.8 
+  6  26.8 
+  2  27.7 
+  6  52.5 

h        HI        s 

14   14  20..35 
14  14  24.07 

14  43  29.61 

15  6     0.71 
15     6  12.93 

-  5  13  56.8 

-  5  14  59.8 
-11  32  43.9 
-15  54  13.1 

«9.594      0.790 
M9.565      0.795 
M9.597      0.807 
«9.594      0.820 
«9.557 

•Stopped  by  twilight. 


Mean  Places  for  lS9o.O  of  Comparison- Stars. 


K.mI.  to 
^                        O-                    npp.  ))lace 

8 

Red.  to 
app.  place 

Authority 

1 
2 
3 
4 

h       ni        s 

14  15  46.80 

14  44  54.31 

15  6  27.80 
15    5  57.50 

+  2.01 
+  2.12 
+  2.19 
+  2.19 

-   5  21     9.6 
-11  34  55.4 
-16     0  50.1 
-15  45  40.5 

-17.0 
-16.2 
-15.5 
-15.5 

i.(W.B.XIV,  234  +  Municli  (1)  10063) 
Muuich(2)  10619 
Munich  (2)  11047 
Muuich(2)11033 

OBSERYATIOXS   OF   COMET  c  1895  (perrine), 

M  AIil:    AT   THE   VASS.\H    COLLEGE    OD.SEliVATOKV, 

Br  MAKY    W.  AVHITNEY. 


1895  Greenwich  M.T. 


No. 
Comp. 


h        m      8  I 

Nov.  27     23     6  26 

23  29.6 
Dec.    3     23     9  55 


15 
4 

7 


'-* 


Ja 


+2  49.27 
-1  14.96 


.lh 


''s  apparent 


a 


-0  51.5 
+  0     5.8 


14  14  27.59 
14  43  41.39 


.8 


W9.553 
5  16  19.8 
-11  35     9.6     J19.563 


logpA 


for  a 


for  8 


0.792 
0.814 


Obs. 


W 

F 

W 


Mean  Places  for  189. 

"y.O  of  Coinj)arison- Stars. 

* 

a 

Red.  to                         - 
app.  iilat-e                      O 

Red.  to                                                    ,      .      ., 
app.  place                                             Authi.nty 

1 

2 

h       m       8                             8 

14  11  36.31          -1-2.01 
14  44  .54.23          +2.12 

0        1    .  n 

-  5  15  11.2 
-11  34  59.4 

// 
-17.1 
-16.0 

Gould,  Gen.  Catal.  19343 
Yaniall  6212 

Note. — Through  a  failure  of  the  chronograph,  the  time  of  the  second  observation  could  not  be  noted  with  much  accuracy. 
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SUNSPOT   OBSERVATIONS, 

MADK    AT    l'IUr.AT>EI,JMIIA,    PENN.,    WITH    A    -li-lNCll    ]!K1'UACT0K, 

By  a.  W.  QUIMBY. 


1895 

Time 

New 
Gps. 

T 

Gps. 

4 

otal 
-Spots 

Fac. 
Gps. 

Det. 

1895 

Time 

New 
Gps. 

T 

Gp9. 

Jtal 
Spots 

Fae. 
Gps 

Det. 

1695 

Time 

New 
Gps- 

T 
Gps. 

otal 
Spots 

Fac. 
Gps. 

Det. 

July    1 

9 

10 

1 

fair 

Aug.  25 

8 

2 

6 

32 

3 

fair 

Oct.  22 

9 



3 

50 

4 

poor 

o 

3 

1 

5 

17 

2 

fair 

26 

6 

- 

4 

15 

2 

poor 

23 

9 

1 

4 

56 

4 

poor 

3 

8 

1 

5 

16 

3 

fair 

27 

9 

1 

4 

8 

1 

poor 

24 

9 

1 

5 

128 

3 

fair 

4 

8 

0 

4 

6 

_ 

v.poor 

28 

8 

- 

3 

18 

3 

fair 

25 

9 

- 

5 

91 

2 

poor 

5 

12 

_ 

4 

9 

1 

poor 

29 

8 

- 

3 

11 

3 

fair 

26 

9 

- 

4 

69 

2 

poor 

6 

8 

1 

4 

10 

2 

poor 

30 

8 

- 

3 

30 

3 

fair 

27 

9 

- 

4 

62 

1 

pool' 

7 

9 

1 

5 

22 

3 

fair 

31 

2 

1 

4 

23 

2 

fair 

28 

3 

- 

5 

55 

3 

fair 

8 

8 

1 

5 

25 

3 

fair 

Sept.  1 

8 

— 

4 

12 

2 

fair 

29 

8 

1 

6 

44 

2 

poar 

9 

8 

1 

6 

40 

2 

fair 

2 

8 

1 

5 

24 

2 

fair 

30 
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- 

6 

91 

3 

good 

10 

8 



6 

40 

3 

fair 

3 

8 

_ 

5 

29 

2 

fair 

Nov.   1 

9 

1 

6 

90 

3 

fair 

11 

s 

1 

4 

38 

o 

poor 

4 

8 

1 

6 

24 

2 

fair 

3 

9 

1 

6 

64 

3 

fair 

12 

7 

_ 

4 

63 

3 

good 

5 

10 

_ 

4 

19 

2 

poor 

4 

9 

— 

5 

75 

2 

fair 

13 

7 

2 

6 

34 

4 

fair 

6 

2 

2 

5 

16 

2 

poor 

5 

9 

- 

4 

50 

3 

]joor 

14 

7 

_ 

6 

36 

4 

fair 

8 

8 

- 

5 

33 

4 

fair 

7 

9 

- 

3 

20 

2 

poor 

15 

7 

1 

7 

24 

4 

fair 

9 

8 

- 

4 

17 

2 

poor 

9 

11 

- 

1 

5 

3 

poor 

IC. 

3 

_ 

4 

11 

o 

poor 

10 

s 

1 

4 

10 

2 

poor 

11 

3 

1 

1 

3 

2 

poor 

17 

7 

_ 

3 

11 

4 

fair 

11 

8 
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2 

8 

3 

poor 

12 

9 

- 

1 

3 

•> 

poor 

18 

7 



3 

6 

3 

poor 

12 

8 

3 

7 

30 

5 

fair 

13 

2 

1 

2 

13 

3 

fair 

19 

7 

_ 

1 

6 

2 

fair 

14 

10 

— 

3 

23 

2 

fair 

15 

9 

2 

4 

11 

1 

l)oor 

20 

7 

2 

3 

14 

2 

fair 

15 

8 

_ 

3 

28 

3 

fair 

16 

12 

_ 

4 

10 

1 

fair 

21 

7 



D 

8 

3 

fair 

16 

8 

1 

4 

20 

3 

poor 

18 

1 

1 

4 

13 

9 

fair 

22 

7 
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3 

11 

3 

fair 

17 

8 

1 

3 

18 

3 

poor 

19 

12 

2 

5 

13 

2 

fair 

23 

7 

1 

1 

7 

3 

fair 

18 

12 

_ 

o 

10 

2 

poor 

21 

10 

— 

4 

8 

1 

fair 

24 

7 

1 

2 

5 

2  ' 

'  fair 

19 

10 

_ 

2 

9 

2 

poor 

22 

9 

o 

6 

12 

Q 

fair 

25 

8 

_ 

1- 

1 

2 

poor 

20 

10 

2 

3 

16 

3 

poor 

23 

9 

— 

5 

9 

2 

fair 

26 

7 

1 

3 

12 

4 

fair 

21 

8 

1 

3 

19 

3 

poor 

27 

9 

— 

4 

7 

*> 

fair 

27 

3 



3 

18 

_ 

poor 

22 

8 

— 

3 

18 

4 

fair 

28 

9 

- 

4 

12 

1 

fair 

28 

8 

_ 

3 

33 

4 

fair 

23 

8 

— 

3 

18 

4 

fair 

29 

9 

- 

4 

9 

2 

fair 

29 

8 

1 

3 

24 

3 

fair 

24 

8 

_ 

3 

15 

3 

fair 

30 

9 

_ 

1 

3 

1 

poor 

30 

8 

1 

3 

25 

2 

fair 

25 

8 

1 

4 

11 

3 

fair 

Dec.    1 

1 

_ 

1 

o 

1 

poor 

31 

8 

_ 

3 

52 

3 

good 

26 

8 

2 

6 

26 

3 

fair 

o 

3 

2 

3 

13 

- 

poor 

Aug.    1 

8 

3 

5 

53 

o 

good 

27 

8 

_ 

6 

45 

3 

fair 

3 

9 

- 

3 

20 

1 

poor 

2 

8 

1 

6 

63 

3 

good 

28 

7 

— 

6 

56 

3 

fair 

4 

8 

— 

2 

12 

1 

poor 

3 

& 

_ 

6 

64 

3 

good 

29 

9 

— 

6 

54 

1 

fair 

5 

2 

2 

6 

21 

3 

poor 

4 

9- 

2 

6 

110 

2 

good 

30 

8 

1 

7 

78 

1 

fair 

6 

1 

2 

5 

16 

3 

poor 

5 

6 

_ 

6 

54 

1 

poor 

Oct.     1 

9 

— 

7 

106 

2 

fair 

7 

12 

1 

5 

7 

- 

poor 

*  6 

7 

_ 

6 

42 



poor 

o 

9 

_ 

7 

234 

2 

good 

11 

10 

3 

6 

44 
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fair 

*  7 

7 



6 

88 

1 

fair 

3 

7 

_ 

6 
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1 

poor 

12 

12 

_ 

5 

38 

1 

fair 

*  8 

7 



6 

72 

1 

fair 

*4 

7 

_ 

6 

68 

1 

jioor 

13 

12 

2 

7 

21 

1 

poor 

*  9 

7 

— 

5 

31 

_ 

poor 

5 

4 

- 

5 

73 

4 

poor 

14 

1 

- 

7 

32 

1 

poor 

*10 

7 

— 

4 

58 

1 

fair 

6 

8 

- 

5 

104 

3 

poor 

15 

9 

- 

5 

19 
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poor 

*11 

7 

_ 

5 

46 

3 

fair 

7 

10 

_ 

3 

40 

1 

poor 

16 

9 

1 

i 

25 

2 

fair 

*12 
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6 

45 
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3 

_ 

2 
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2 
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17 

9 
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*13 
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_ 
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21 

2 
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10 

- 

1 
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6 

_ 

5 

14 

3 
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10 

10 

- 

2 

10 

o 
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19 

10 

- 

5 

32 

3 
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*15 

8 

— 

4 

12 

o 
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11 

9 

- 

2 

6 

3 
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20 

2 

1 

5 

26 

1 
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7 

_ 

3 

24 

2 
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14 

9 

1 

•7 
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3 
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21 

10 

o 

i 

46 
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fair 
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6 

_ 

3 
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15 

9 

1 

^ 
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22 

9 

- 

6 
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2 
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_ 

2 
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1 
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16 

9 

— 

2 

10 

1 
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23 

9 

- 

7 

54 

1 

fair 

*19 

6 

_ 

2 

30 

1 

poor 

17 

12 

— 

1 

4 

1 

poor 

24 

9 

- 

7 

43 

1 

fair 

*20 

7 

_ 

2 

25 

1 

poor 

18 

9 

- 

1 

6 

3 

fair 

25 

12 

- 

6 

26 

1 
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*21 

7 

_ 

2 

19 

1 
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19 

8 
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2 

5 

3 
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27 

10 

o 

8 

24 

4 
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#22 

8 

— 

2 

12 

1 

poor 

20 

9 

- 

O 

16 

2 
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29 

9 

- 
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23 

9 

_ 
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19 
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21 

9 

•-> 

4 

25 
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31 

10 
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16 
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poor 

24 
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26 
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*2^inch  refractor. 
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OBSERYATIOXS  OF  COMETS, 

:oUI.\l.    AND    Fll.AIl    MKHOMKTElt    AT   000D8ELL   OBS 

By  11.  C.  WILSON. 
[Communicated  by  the  Director,  Wm.  W.  Payne.] 


.M\I)K    wrril    TUK    Ui-IXtll    KtiVATOlilAl.    AND    Fll.AIl    MKHOMKTElt    AT   000D8ELL   OBSEKVATOltY,    SOltTllFlKI.P,    MINX., 

By  11.  C.  WILSON. 


1895>rorthfieiaM.T. 

* 

No. 
Comp. 

#'8  a 
a 

pparenl 

8 

logpA 
for  a      1     for  8 

Comet  a  1895  (Swift). 

Ii        in       K 

Dec.    0»     8  38  33 
7       7  57  23 

1 
•> 

11,5 
11  ,  G 

Ill      a 

-2  15.20 
-0     8.23 

+  2  21.1 
-1  35.4 

II      m      a 

1  47  37.45 
1  48  2G.50 

+   5  58     7.8 
+   (•)     4  5G.2 

W8.082 
H8.914 

0.738 
0.738 

CoMKT  (1  1895  (KUOOKS). 

Dec.  17     11  52  31 
11  53  31 

4 
5 

3,2 
9,6 

-4  51.07 
-1  50.57 

-1  38.5 
-3  45.5 

5  37     3.02 
5  37     2.59 

+  GG  49  17.7 
+  66  49  13.7 

8.107    »0.530 

3Ieon  Places  for  1S95.0  of  Comparison- Stars. 


* 

a 

Ui-il.  to 
app.  plaw 

8 

Ueil.  to 
app.  place 

Aullidrily 

1 

b       m      a 

1  49  48.51 

+  4!l4 

+  5Z5  2Q.1 

+  26.0 

Schjellerup  561 

9 

1  48  30.C0 

+  4.13 

+   66     5.6 

+  26.0 

jMic'iometer-CDinparison  with  *3 

3 

1  45  22. GO 

+   4.11 

+   68  24.4 

+  26.1 

1501111  Obs.,  VI,  +5°250 

4 

5  41  44.57 

+  10.12 

+  66  50  46.1 

+  10.1 

Fearnley,  Chri.stiania  A.G.  Catal.,  938 

5 

5  38  43.05 

+  10.11 

+  66  52  48.6 

+  10.6 

Fearnley,  Christiania  A.G.  Catal.,  931 

•The  declination  is  a  little  uncertain  on  Dec.  B,  because  tu 
The  error  from  this  soui-ce  cannot,  however,  be  greater  than  6" 


EPHEMEKIS   OF   VARIABLES   OF   THE  ALGOL-TYV^, 

(Jrecnwich  Mean  Time. 
PAUL    S.    YENDELL. 


By 


8 

9 

10 

11 


1896  February 

Algol 

Algol 
U  Cepliei 
U  Opliiuclii 
V  Oi)lnuelu 
i"i  Librae 
Ti;  Cani.s  ^laj. 
R  ("an is  ^laj. 
1  Tauvi 
U  Cephei 
U  Ophiucbi 


1896  February 

1896  February 

1896  February 

1896  March 

h 
13 

12      f/Ophiuchi 

17 

19      C/Coronae 

20 

26      f'Coronae 

IS 

4 

U  ('oronae 

16 

10 

14       J.  Tauri 

21 

J?Canis  Maj. 

21 

•27      f/Ophiuchi 

14 

f  Cephei 

22 

12 

15     S  Cancri 

16 

20         Algol 

18 

29         Algol 

8 

5 

).  Tauri 

15 

20 

(f  Librae 

19 

21      [/Cephei 

11 

5  Librae 

18 

R  Canis  IMaj. 

15 

16 

16  ^Cephei 

17  K  Can  is  Maj. 

11 

22       ;.  Tauri 

18 

S  Cancri 

15 

19 

14 

^  Librae 

19 

1896  March 

6 

R  Canis  Maj. 

18 

15 

f/Ophiuchi 

18 

23         Algol 

15 

1       ?.  Tauri 

16 

7 

[/Cephei 

10 

19 

Algol 

21 

26      ?7  Cephei 

10 

3     R  Canis  Maj. 

9 

8  Librae 

18 

22 

IS      ?^  Opliiuclii 

14 

Algol 

11 

f/Ojihiuchi 

19 

9 

A  Tauri 

14 

11 

R  Caiiis  iMaj. 

17 

R  Cauis  Maj. 

16 

4     R  Caiiis  Alaj. 

12 

f/Opliiuchi 

17 

21 

;.Tauri 

19 

I  Tauri 

17 

f/Ophiuchi 

16 

U Cephei 

21 

NEW   ASTEROIDS. 

Prof.  Kkeutz  has  communicated  notice  of  the  discovery  of  two  additional  asteroids,  by  Prof.  Wolf,  at  Heidelberg. 
Their  positions  at  Heidelberg  midnight  1896  Jan.  7, 

CK         11"  «   =   6'' 56'"  56",     8  =    +22°     2'.  Daily  motion,  —48' in  «.  and  3' northward. 

Ci,         12"         a   =   6'"  56"'  16',     fi   =    +22°  36'.  Daily  motion,  —48'  in  («,  and  4'  northward. 

Also,  of  two  found  by  Mr.  Ciiaklois,  Jan.  16,  and  observed  as  follows : 

CM    13"     Jan.  17    9"  SlVs  Nice  M.T.     «  =  8"  33"' 58',     5=   +23°  9' 33".     Daily  motion, -60"  in  «,  and  4' northward. 

CN    13''.2        "         O""  59"'.0     "        "        «  =  S""  38"  30',     fi  =  +21°2'50".     Daily  motion, —48"  in  «.  and  6' northward. 


CONTEXTS. 
On  Bess's  System  of  Decli.nations  and  on  that  of  thk  Astkonomische  Gesei.i.sciiai  t,  uv  Tiwif.  Si.mon  Nkwcomi!. 
Notes  ox  Vauiable  Stars, —  No.  11,   itv  Mu.  llKxitv  M.  Paukuirst. 

Observatioxs  of  Comet  c  189.j  (Pekiuxk),  hy  Pkof.  .1.  B.  Coit  and  Mu.  G.  E.  Wiiitakeu. 
Observatioxs  of  Comet  c  1S95  (Perrixe),  iiv  Miss  Mary  W.  Whitxey. 
Susspot  Observatioxs,  by  Rev.  A.  W.  (Jiimby. 
Observatioxs  of  Comets,  by  Dr.  H.  C    Wii.sox. 

Epuemeris  of  Variables  of  the  Ai.ooi.-Type,  by  Mr.  Pail  S.  Yendell. 
New  Asteroids. 
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RESEARCHES   ON   THE  ORBIT 

Bv  T.  J. 

This  difficult  double  star  was  discovered  by  Alvax 
(  'lakk,  while  testing  an  instrument  lie  had  made  for  Dawes, 
at  the  latter's  private  observatory,  July  10,  1859.  During 
the  same  year  the  object  was  carefully  measured  by  Dawes 
on  two  nights.  Otto  Struve  began  to  give  his  attention 
to  the  pair  the  following  year,  and  continued  his  measures 
from  time  to  time  until  1888.  His  tirst  observations  are 
very  satisfactory,  and  of  the  highest  value  in  fixing  the 
elements  of  the  orbit ;  but  the  later  measures  are  less  trust- 
worthy, owing  to  the  great  inequality  and  closeness  of  the 
components.  The  series  of  measures  begun  by  Burnham 
in  1878  and  continued  until  the  close  of  his  work  in  (Cali- 
fornia is  of  great  importance  and  in  conjunction  with 
Strtve's  observations  and  those  recentlj-  made  by  the  writer 
at  Madison,  enables  us  to  fix  the  elements  with  a  relatively 
high  degree  of  precision.  The  following  is  a  complete  list 
of  the  observations  of  F.99  Heirnli.s  : 


1S-.9.61 

347.4 

1.61 

In 

Dawes 

1859.65 

347.0 

1.80 

In 

Dawes 

1860.30 

342.3 

2.28 

In 

0.  Struve 

1866.68 

360.8 

1.73 

In 

0.  Struve 

1868.50 

358.6 

1.69 

In 

0.  Struve 

1872.56 

6.0 

1.46 

In 

0.  Struve 

1877.5(; 

22.0 

1.19 

In 

().  Struve 

1878.46 

24.4 

1.09 

3-1  n 

Burnham 

1879.47 

26.5 

1.13 

In 

Burnham 

1880.53 

31.6 

0.90 

2 -In 

Burnham 

1881.43 

29.4 

0.51 

111. 

Burnham 

1883.60 

72.9 

1.30 

In 

0.  Struve 

1883.70 

82.4 

1.04 

In 

0.  Struve 

1888.54 

77.4 

1.05 

In  Ditt'. 

0.  Struve 

1889.50 

281.2 

0.65 

1m 

Burnham 

1890.45 

285.1 

0.59 

3-2n 

Burnham 

1891.56 

292.0 

0.72 

2-3n 

Burnham 

1892.40 

299.2 

0.70 

3u 

Burnham 

1894.74 

305.7 

0.88 

In 

Comstock 

OF   F.99  HERCULIS  = 

A.C.15, 

J.  SEE. 

1895.50         308!o         0^95 

2m           See 

1895.73         315.2         1.12 

3m           See 

In  order  to  obtain  a  good  orbit  from  such  measures  the 
means  must  be  formed  in  a  judicious  manner,  regard  being 
had  to  the  known  motion  of  the  companion.  After  careful 
study  of  all  the  observations,  I  have  formed  a  suitable  set 
of  mean  places,  and  deducted  the  corresponding  elements. 
The  orbits  jireviously  found  for  this  system  are  : 


Gore,  1890 

See,  1895 

iV.JV.,  Nov.  1893 

uiipul)lished 

p 

53y.55 

57''.5 

T 

1885.58 

1887.30 

e 

0.7928 

0.80(i 

a 

I'M  2 

i".i6;; 

9, 

50°.  1 

77°.0 

i 

38°.6 

35°.5 

I 

110°.73 

90°.0 

The  adopted  elements  of  F.99  Ilercidis  are  as  follows:  — 

F   =   54.5  years 
T  =   1887.70 
e   =   0.781 
a  =   1".014 
Q,    =   indeterminate 
i   =   0°.0 
Angle  of  periastron   =   169°. 5 

n   =    +6°.6055 

The  ai)parent  is  the  same  as  the  real  orbit. 

Length  of  major  axis   =   2".028 

Length  of  minor  axis   =   1".278 

Angle  of  major  axis  and  periastron   =   169°.5 

The  following  table  shows  the  agreement  of  the  computed 
with  the  observed  places. 

(41) 


41' 
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COMPAKISO.V    OF    COMPUTKD    WITH    ObsKKVED    PlACE.S. 

t 

e. 

9' 

P' 

P' 

6.-00 

Po—Pc 

n 

Observers 

1859.65 

347!0 

348!4 

1.80 

1.81 

-  1?4 

-0.01 

1 

Dawes 

1859.96 

344.8 

348.9 

1.94 

1.81 

-   4.1 

+  0.13 

Diiwps,  1  ;   (>.  StiMivi'.  1 

1866.68 

;?60.8 

357.8 

1.73 

1.74 

H-   3.0 

-0.01 

1 

O.  Stnive 

1868.50 

358.6 

360.5 

1.69 

1.70 

-    1.9 

-0.01 

1 

0.  StniVH 

1872.56 

6.0 

7.0 

1.46 

1.56 

_    1.0 

-0.10 

1 

().  Stnive 

1877.56 

22.0 

17.4 

1.19 

1.29 

+   4.6 

-0.10 

1 

O.  Struve 

1878.46 

24.4 

20.1 

1.04 

1.21 

+   4.3 

-0.17 

3-1 

liuiiihain 

1879.47 

2t).5 

23.2 

1.13 

1.14 

+   3.3 

-0.01 

1 

liuniliaiii 

1880.53 

31.6 

27.3 

0.90 

1.04 

+   4.3 

-0.14 

2-1 

IJuriiliaiu 

1881.43 

29.4 

31.0 

0.77 

0.96 

-   1.6 

-0.19 

1-2 

Buriiliuin,  1  ;   •  >.  Stnivo.  0 

1 

1889.50 

257.4 

262.7 

0.65 

0.42 

-   5.3 

+  0.23 

1-1 

Huniliaiii,  0-1  ;  <>.  Strnvc, 

1-0 

1890.45 

285.1 

280.5 

0.59 

0.56 

+   4.6 

+0.03 

3-2 

liiiniliani 

1891.56 

292.0 

292.9 

0.72 

0.71 

-   0.9 

+0.01 

2-3 

l^uniluiiu 

l.s<.»2.40 

299.2 

299.2 

0.70 

0.80 

0.0 

-0.10 

3 

Buniluim 

1.S94.74 

305.7 

311.3 

0.88 

1.04 

-   5.6 

-0.16 

1 

Comstock 

1S9.").50 

.•!(»S.() 

314.2 

0.95 

1.11 

-   6.2 

-0.16 

2 

See 

1895.73 

315.2 

.•;i5.i 

1.12 

1.13 

+   0.1 

-0.01 

3 

See 

While  this  orbit  may  need  slight  modification   in  the  tion.     The  pair  is  always  rather  difficult,  owin-  U,  the  iii- 

course  of  time,  it  does  not  seem  proljable  that  a  sensible  ;  equality   of    tlie    components,  and    exact  measiuement   is 

improvement  can  be  effected  for  a  good  many  years,  as  the  ,  seldom  possible.     But  at  present  the  star  is  relatively  easy, 

motion  is  now  very  slow,  and  chiefly  in  the  direction  of  the  and  ought  to  be  given  some  attention  by  observers.     The 


radius  vector.  The  orbit  is  remarkable  for  its  high  eccen- 
tricity, and  for  having  no  sensible  inclination.  This  cir- 
cumstance enables  us  to  contemplate  directly  the  real  orbit, 
and  renders  F.99  ffercidls  an  object  of  the  highest  interest. 
If  observations  coidd  be  made  sufficiently  exact,  the  motion 
of  the  apparent  radius  vector  woidd  give  us  a  means  of 
proving  the  law  of  universal  gravitation  by  direct  observa^ 
The  Unitersity  of  Chicago,  1895  October  9. 


following  is  a  short  ephemeris : 


1896.50 

317.5 

1.18 

1S97.50 

320.4 

1.26 

1898.50 

323.0 

1.33 

1899.50 

325.3 

1.39 

1900.50 

327.6 

1.45 

REPLY  TO  MIL  DYSON'S  NOTE  ON  PHOTOGRAPHIC  REFRACTIONS  IN  ^. J.  354, 

By  HAROLD   .JACOBY. 
In  the  above  note  Mr.  Dvsox  comes  to  the  conclusion 
that    I'rof.  Tikxkk'.s    formidas    (MoiUh/i/  ^toflres,  li.A.S., 


1893  November)  are  correct.  Prof.  Tuknek  gives  the  fol- 
lowing formulas  for  computing  differences  of  right-ascen- 
sion and  declination  from  reetangidar  coordinates  measured 
on  the  jdate. 

q   =   P  —  tan~'  r, 

-1) 


(«) 


=cos(P- 
tan(rt-.4)  = > 


sin^ 
tan^j  =  tail'/  sec(a  — ^) 

in  which  </  is  an  auxiliary.  Prof.  Turner  also  gives  formu- 
las for  computing  rf;  and  rfij,  which  lie  states  to  be  the 
differential  refraction-corrections  required  bj-  f  and  /;  re- 
spectively. 

If  we  compute  a  and  p  by  means  of  the  above  formulas 
directly  from  the  measured  coordinates  ?  and  r,,  we  shall 
get  the  apparent  a  and  /'  of  the  star.  If  we  compute  bj'  the 
same  formulas,  using  instead  of  ?  and  r^,  l+rf?  and  ij+dr,, 
we  shall  get  the  ti-ue  u  and  p  of  the  star,  if  the  formulas 


for  d^  and  (///  are  right.  Now  the  above  formulas  admit 
of  being  expanded  into  series,  which  is  convenient  for  ray 
present  purpose.     We  find  (/') 

(a  —  A)sinP  =  ?  +  --;j  cot /"+?(/' cot'' /^—,\^»cosec'^P +  .  .  .  ) 
2)-P  =  -v+ic'^cotiP+.i  f-/y  cosec^P+J;/  +  .  .  .  \ 
These  formulas  are  equivalent  to  I'rof.  Tukser's  rigorous 
formulas  («)  above;  and  as  I  have  just  stated,  they  should 
hold  true : 

1.  For  computing  («  —  ./)  sin/'  and  (ji  —  P)  from  ; 
and  ij. 

2.  For  computing  {(«  — Jj  sin/'  +  (/[((«  — .()  sin/']}  and 
[(j,_P)+fZ(y,_P)]  from  c  +  '/J  and  r,  +  <//, .  where 
(I^(^fi  —  A)  smPI  and  (/(j>  —  P')  are  the  differential  re- 
fraction corrections  required  by    {a  — A)  sin/'  and  (j/  —  P). 

Now  we  see  from  the  expansions  {/>)  that  («  —  ,()  sinP 
and  (p  —  P)  differ  from  c  and  —tj  respectively  by  small 
quantities  of  the  second  order  only.  Also,  d^  and  dij, 
being  differential  refractions,  are  small  quantities  of  the 
second  order.  Consequeiitly,</[(rt  — -4)  sin  P]  and  —d(  p  —  P) 


N"  3f;(; 
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can  differ  from  d^  and  dij  only  by  very  small  quantities 
of  the  third  order,  which  iire  here  negligible,  as  they  will 
never  exceed  one  or  two-lnuidredtlis  of  a  second  of  arc. 

From  the  above  demonstration  we  see  that  if  we  intend 
to  use  Prof.  Turner's  formulas  («)  or  their  equivalent  (i), 
to  transform  our  corrected  coordinates  c  +  d^  and  ?;  +  di; 
into  a  and  j),  we  must  use  values  of  d^  and  (///,  that  sat- 
isfy the  condition, 

,/s  =   d^(u  —  A)  sinP]     ,     dij  =    —d{p  —  P) 

If  therefore  Mr.  Dyson  wishes  to  use  Prof.  Turnek's 
refraction-formulas  as  they  stand,  he  must  allow  for  the 
terms  by  which  they  differ  from  mine  in  the  transformation 
formulas  («)  or  (Ji).  There  can  be  no  doubt  that  Prof. 
Tiirner's  refraction  and  transformation-formxdas  used  to- 
gether give  an  erroneous  result.  One  or  the  other  must  be 
changed. 

The  matter  seems  to  me  so  important,  that  I  have  tested 
the  formulas  xmder  consideration  by  means  of  a  fictitious 
numerical  example. 

I  begin  by  assuming  that  a  plate  has  been  made  in  a 
place  whose  latitude  is  55°,  such  that 

R.A.  of  center  =  A  =     0°  0'  ()".nO. 

I'olar  distance  of  center  =  F  =  30°  0'  0".0(). 
Hour  angle  of  center        =     t  =  i5°  0'  0".()0. 

I  assume  that  we  have  measured  on  this  plate  the  rec- 
tangular coordinates  of  a  star,  and  found  them  to  be 

f  =  -feo'.oooo    ,    /;  =  +GO'.oooo 

To  these  values  of  S  ,rj  and  F,  I  have  applied  Prof. 
Turxkr's  formulas  of  transformation,  viz.: 

q    =   P—  tan~'»/ 
tan(«  — .-J)    =   c  cos(P— (/)  coseci/ 
tan  7/   =  tan  q  sec  (a  — A) 

and  I  find  for  the  polar-distance  and  right-ascension  of  the 
star, 

p  =  29°0'57".00     ,     «  =    +2°3'41".24 

I  think  no  one  will  question  that  these  values  of  a  and  p 
are  the  (ipjxirent  coordinates  of  the  star,  by  which  I  mean 
the  actual  coordinates  of  the  star  as  we  see  it  on  the  sky, 
affected  by  refraction,  provided  the  above  values  of  A  and 
P  are  also  apparent.  And  I  here  explicitly  assume  that 
such  is  the  ease.  In  other  words.  I  assume  that  if  there 
were  a  star  in  the  sky  whose  apparent  R.A.  and  Decl.  were 
exactly  0°  and  60°,  that  star  would  appear  exactly  in  the 
center  of  the  plate. 

lieing  now  in  possession  of  the  apparent  positions  of  the 

center  and  the  star,  we  can  readily  obtain  the  fnie  positions. 

The   formulas  for  doing   this    are    contained    in   the   first 

volume  of  Chauvexkt,  and  are  there  numbered  (20)  and 

(234).     These  formulas  are  as  follows : 

tan  N  =  cot  if  cos  f 

,„^,  ,       ..    .  tan?  sin  A' 

(20)  tan^sm//   =     . 

^  sin(d  +  A^) 

tan ^  cosy   =  cot(d'  +  A^) 


dS   =    —  k'  tan  ^  cos  q 
cos  S  da   =    —k'  tan  C  sin  y  ("'     -' 

I  have  applied  these  formulas  separately  to  the  center 
ami  the  star,  using  the  following  values  for  the  quantities 
entering  the  formulas. 

For  tlie  centci-  For  the  star 

/>■'  =   57"  /.-'  =   57" 

y.  =   55°  0'  ,f   =  55°  0' 

?  =  45°  0'  C  =  42°  5G' 

a  =   60°  0'  8  =  60°  59' 

1  thus  find  the  following  corrections  for  refractiim,  which 
are  additive  to  the  apparent  R.A.  and  d. 

For  the  center  For  the  star 

da   =    -.50".6S  du   =    -4!)"..SS 

dS   =    -   3".  65  dS    =    -   1".8,S 

Applying  these  quantities  to  the  apparent  positions  (if 
the  star  and  center  gives 

True  a  of  center  =  359°  59  9"32 

True  p  of  center   =     30     0  3.65 

True  a  of  star       =        22  51.36 

True  p  of  star      =     29     0  58.88 

Having  thus  obtained  the  true  and  apparent  positions  of 
the  center  and  of  the  star,  we  are  now  ready  to  lest  any 
differential-refraction  formulas.  To  avoid  the  possibility 
of  misunderstanding,  it  will  be  well  to  state  the  problem 
again. 

Suppose  we  have  measured  the  rectangular  coordinates 
of  a  star  upon  the  plate,  and  found  them  to  be 
e  =    +60'.0000     .     rj  =    -t-60'.OOOO 
It  is  required  to  correct  these  measured  coordinates  by 
means  of   differential-refraction  formulas,    and  with  their 
values,  so  corrected,  to  compute  the  true  position  of   tlie 
star.     The  elements  of  the  plate  are. 
Apparent  position  of  center  is 

R.A.   =       0-'    0'  0".00     ,     N.P.D.   =   30°  0'  ()".00 
True  position  of  center  is 

R.A.  =  359°  59'  9".32  ,  N.P.D.  =  30°  0'  3".65 
I  begin  by  testing  Prof.  Turner's  formulas,  and  will 
first  compute  his  values  of  the  differential-refraction.  The 
formulas  for  doing  this  I  take  from  the  Monthli/  Notires, 
R.A.S.,  Vol.  54,  p.  14.  The  formulas,  with  slight  changes  of 
notation,  are 

tan  q   =   cot  (/)  cos  f 
tan  if  sin  y 
cos(P~q) 
Y  =   tan(F-q) 
c/l  =   k'{(l+X-')S+  XY,,} 
dr)   =   k'{XYi+0  +  Y'},,} 

Using  in  these  formulas  the  quantities  belonging  to  the 
center,  viz. : 

P   =   55°  0'  t   =   45°  0' 

/'  =   30°  0'  /■  =   57" 
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I  tind  the  following  results : 

log  A'  =       1».(;47«)  logl'  =       8.8067 

,/;    =    +0'.0J0;5  (/;;    =    +0'.0171 

ami  consequeutlj'  we  have  for  the  corrected  rectangular  co- 
ordinates, the  values, 

c  =    -)-60'.02(i;>     ,     ;;   =    +60'.0171 
With  these  corrected  values  of  the  coordinates  we  ought 
to  be  able  to  conijuite  the  true  place  of  tlie  star,  by  means 
of  the  same  transformation  formulas  as  before,  namely: 

q   =    P— tan~'»; 
tan {n  —  A)    =    ^  cos {I'—'j)  cosec  y 
tau/<   =  tan  7  sec  («  —  -■() 

In  using  these  formulas  for  the  present  purpose,  the 
question  arises  as  to  what  value  of  P  ought  to  be  employed. 
We  might  use  the  polar  distance  of  the  center,  eitlier  cor- 
rected for  refraction,  or  not  so  corrected.  In  my  opinion, 
the  uncorrected  value  of  P  should  be  used,  because  this  is 
the  actual  angular  distance  from  the  pole  of  the  heavens  to 
the  point  wliere  the  tangency  of  the  plate  actually  exists. 
Hut  tlie  use  of  the  true  or  corrected  value  of  P  would  pio- 
duce  no  material  differeiu'e.  The  results  obtained  by  the 
above  transformation  formulas  are 
True(«-.l)  =  +2°3'4a".82,True(;>-P)=  -0°59'3".98 

Adding  to  these  numbers  the  known  true  coordinates  of 
the  center,  viz. : 

True    A  =  359°  59'  9".32     ,     True    P  =  30°  0'  3".(;5 
we  obtain  for  the  true  position  of  the  star, 


True 


=  '2°  9'  .-i.-; 


.14 


True  j>  =  29°  0'  59".(;7 


Comparing  these  with  the  values  of  the  same  numbers 
obtained  from  Ciiacvkxet's  formulas,  which  were 


True   a  =  2°  2'  51".36     ,     True  p  =  29°  0'  58".88 

we  tind  the  errors  cau.sed  by  I'rof.  Ti'knkk's  fomudas  to  be 

Error  of   a  =  1".78     .     Error  of   /-  =  (>".79 

1   have  also  applied  my  t'orniulas  for  dilTcreiitial  refnw- 

tion  to  the  same  example.     These  fdiimilas.  as  printed  by 

Mr.  Dysox  in  A.J.,  no.  354.  p.  151,  are 

(/,-  =  A-',-{(H-A--)-  rcot/'}  +  1c\  {X  )-AcotP} 

d,j  =  ki;{XY+XcotP}  +  /.';,{!+  r-} 

A'  and  Y  having  the  same   numerical   values  as   in    I'rof. 
Tuunkk's  formulas.     Computing  by  these,  I  timl 

,/i  =    -f-0'.(»057     ,     ihi    =    +0'.()2;»9 
so  that  the  corrected  values  of  the  rectangular  coordinates 
are  ?   =.+«0'.0057     ,     ,j   =    +()t)'.0299 

\Vith  these  values  of  the  corrected  coordinates   1   liave 
computed  the  transformation    furniulas.   in    precisely   tlie 
same  way  as  in  the  case  of  rmf.  'rii;\K,i;"s  ioniiulas,  ;incl  I 
Hnd 
True  {a- A)  =  2°3'42".01   ,  True  (/—/')  =  -()°59'4".79 

To  these  num1)ers  I  have  added  tlie  true  coordinates  of 
the  center,  which  are  as  before. 

True   A  =  359°  59'  9".32     ,     True    /'  =  30°  0'  3".65 

I  thus  get  for  the  true  position  of  the  star, 
True    a  =  2°  2'  51".33     ,     True  p  =  29^  C  58".86 

whereas  the  values  from  Ch.m'vexet's  formulas  were 
True    «  =  2°  2'  51".36     ,     True   p  =  29°  0'  58".88 
The  agreement  is  almost  exact,  and  the  correctness  of 
mj'  differential  formulas  seems  to  be  established. 

Columbia  College  Observatory.  New  York,  18%  January. 


OBSERYATIONS   OF  MINOR   PLANETS, 

MADK    -VT   THK   DIDI.KY    OHSEKVAT0KV, 

Bv  A.  JAY   ROY. 


1 

No. 
Comp. 

Planet  —  * 

Planet's 

apparent 

log  p^ 

1811 

h  Albany  M.T. 

* 

j«            j<; 

a 

a 

for  a 

8 

(313)  ClKilduea. 

It       m       8 

m       8                          '       ff 

h        in       s 

0         1        n 

Sept 

10 

11    41    10 

23 

12 

+  2  32.30 

-   6  30.4 

1  37  15.92 

+   4  17  23.5 

H9.341 

0.742 

20 

9  42  34 

24 

10 

+0  13.15 

-  0  11.4 

36  45.68 

4     8  45.5 

«9.571 

0.756 

21 

10  56     2 

25 

9 

-0  39.04 

+   4  21.6 

36     9.60 

3  58  45.8 

«,9.440 

0.748 

oo 

S  56  44 

26 

10 

+  1     9.49 

-    2  17.0 

35  37.27 

+  3  49  59.2 

»i9.606 

0.762 

Oct. 

IS 

7  52     2 

27 

10 

-1     3.05 

+   3  21.1 

15     5.58 

-  0  37  53.4 

7t9.543 

0.779 

\ 

21 

8     5     1 

28 

8 

-1  59.99 

-  3  47.8 

12  30.13 

1     6  57.7 

H9.500 

0.782 

23 

7  57  54 

29 

8 

+  1   17.88 

+   6  11.0 

10  49.28 

1   25  30.7 

H9.495 

0.784 

24 

9  14  56 

29 

10 

+  0  25.40 

-  3  18.2 

1     9  56.81 

-   1  34  59.9 

H.9.273 

0.787 

(103)  Hera. 

._^ 

'  Oct. 

21 

9     5  45 

30 

8 

+-1    41.96      +5     4.8 

2  58  57.55 

+   89     5.2 

«9.571 

0.734" 

23 

8  26  39 

30 

8 

+  0     6.92 

-  4  22.3 

57  22.55 

7  59  38.1 

7*9.601 

0.743 

X.>V. 

11 

8  51  36 

31 

10 

-1  34.89 

-  4  17.0 

40  50.30 

6  39  42.0 

719.414 

0.725 

13 

9     9  17 

32 

8 

+  2     9.83 

+  0  55.2 

39     8.30 

0  33  10.8 

7*9.334 

0.722 

16 

6  49  30 

33 

8 

+0     7.13 

-   1  39.5 

36  44.38 

6  24  37.9 

779.583 

0.746 

19 

7  57  54 

34 

8 

+  3  56.26 

-   6  33.5 

34  20.10 

6  16  58.8 

779.452 

0.731 

21 

9  12  50 

.".I 

7 

+2  23.66 

-10  57.5 

2  .32  47.51 

+   6  12  34.8 

7i9.156 

0.721 
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1895  Albany  M.T. 


No. 
comp. 


Planet - 


Ja 


J8 


Planet's  apparent 
a  I  8 


logpA 
for  a       I     for  S 


Xov. 


De 


11 
12 

k; 

lu 

;) 

10 
14 


(175)  Aiu/rniiior/if. 


'.)  -AT   10 

35 

10 

i)    i;  ;i5 

36 

10 

7   It)  ',(■, 

•  >  ( 

.s 

<J     0  48 

38 

10 

H)  44  35 

39 

2 

9  59  36 

39 

6 

S     1    28 

40 

(•) 

8     4  34 

41 

10 

8  52  25 

42 

6 

+  1 

-0 

+  1 
-1 

+  3 

+  2 

-3 
o 


53.98 
45.00 
1.S.97 
11.44 

1.49 
10.62 

9.65 
22.70 


-2  42.29 


+  5 
+  2 

-  4 
+  2 

-  9 
-11 
+  12 
+  2 


47.5 
59.5 
7.4 
29.7 
52.8 
19.7 
55.2 
45.4 
6  28.5 


21.00 

37.00 

33.76 

1 .82 

5.74 

14.88 

54.53 

23  41.20 

4  23  39.51 


58 
57 
54 
52 
34 
33 
29 


+  2i 


+  1 


43 
43 
42 
41 
21 
19 
13 
0 
0 


40.3 
31.9 
50.8 
32  4 
18.4 
51.5 
47'!9 
43.6 
37.7 


//9.618 
w9.643 
//9.680 
;/9.616 
M8.865 
«9.191 
^(9.520 
M9.422 
«9.244 


0.594 
0.625 
0.700 
0.593 
0.420 
0.440 
0.530 
0.492 
0.453 


Mean  Places  for  1895.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Ked.  to 
app.  place 

Autliority 

23 

1 

m      s 

34  39.99 

+  3!63 

+   4 

1 

2;; 

27"5 

+  26.4 

r,(  ss,  Albany  A.G.  Catal.  467 

24 

36  28.89 

+  3.64 

+   4 

8 

30.5 

+  26.4 

"      480 

25 

36  44.98 

+  3.66 

+  3 

53 

57.8 

+  26.4 

"          "          '•         "      483 

26 

34  24.10 

+  3.68 

+  3 

51 

49.7 

+  26.5 

«          "          "         "      465 

27 

1()     4.65 

+  3.98 

—  0 

41 

41.5 

+  27.0 

Gottingeii  278 

28 

14  26.12 

+  4.00 

-    1 

3 

36  8 

+  26.9 

Gould,  Arg.  Gen.  Catal.  1241  (F.42  CW 

0 

29 

9  27.39 

+  4.01 

-   1 

32 

8.5 

+  26.8 

Gould,  Arg.  Gen.  Catal.  11 56  (F.38  Cet 

'■) 

30 

() 

57  11.53 

(  +4.06 

"(  +4.10 

+  4.29 

+    8 

3 

34.9 

+  25.5 

Glasgow  703,  Yavnall  1342 

31 

'> 

42  20.90 

+    (■) 

43 

33.2 

+  25.8 

Bonn  Obsns.  VI,  424 

32 

o 

36  54.18 

+  4.29 

+    6 

31 

49.7 

+  25.9 

WeLsse's  Bessel  584 

33 

o 

36  32.96 

+  4.29 

+   () 

25 

51.6 

+  25.8 

Weisse's  Bessel  677 

34 

9 

30  19.42 

+  4.42 

+   6 

23 

7.8 

+  24.5 

Greenwich  80,  386,  etc. 

35 

4 

56  22.21 

+  4.81 

+  25  37 

37.8 

+  15.0 

A.N.  100,  p.  247  (Kiinigsberg) 

36 

4 

58  17.17 

+  4.83 

+  25 

40 

17.6 

+  14.8 

Bonn  Obsus.  VI,  774 

37 

4 

53     9.88 

+  4.91 

+  25 

46 

42.4 

+  15.8 

Weisse'.s  Bessel  1144 

38 

4 

53     8.27 

+  4.99 

+  25 

38 

46.8 

+  15.9 

Weisse's  Bessel  1142 

39 

4 

30  59.00 

+  5.25 

+  25 

30 

52.5 

+  18.7 

Yarnall  2013 

40 

4 

32  58.90 

+  5.28 

+  25 

0 

34.2 

+  18.5 

Becker,  I'.erlin  A.G.  Catal.  1481 

41 

4 

25  58.59 

+  5.31 

+  24 

57 

38.6 

+  19.6 

Becker,  Berlin  A.G.  ('atal.  1455 

42 

4 

26  16.49 

+  5.31 

+  24 

53 

49.6 

+19.6 

Bonn  Obsns.  VI,  664 

star  28,     adopted  p.m.  — O.OOIO,  +0".002.        Star  2S 


Star:;4,     adopted  p.m.   +0M245,   — 1".4".()- 


OBSERVATIONS   OF    (181)  EUCHABIS  AND    (2SS)  GL AUK J^, 


.■M.\1>K    -\T   THE    DUDLEY    OliSERVATOKY,    ALli.VNY, 

By  JOHN   H.    OGBUKN. 


1895  Albany  M.T. 

* 

No. 
Comp. 

Planet 
Ja 

-* 

Planet's 
a 

apparent 

8 

logpA 
for  tt      (     for  S 

(181)    Eiirl,(ir!s. 

April  11 

li         in       s 

8  18  46 

1 

7 

m       s 

+  3     5.80 

-1   15.5 

13     3 

55.32 

+  15  22 

42.7 

M9.546 

0.669 

18 

12  20     4 

2 

8 

+  3  28.61 

-4  40.6 

12  59 

4.64 

15  58 

67.0 

9.128 

0.604 

19 

9  14     7 

2 

8 

+  2  55.00 

-1      7.6 

12  58 

31.03 

16     2 

30.1 

M9.330 

0.618 

21 

8  28  44 

"> 

9 

+  1  41.19 

+  6  19.5 

12  57 

17.21 

16     9 

57.5 

»i9.410 

0.632 

28 

8  40  39 

3 

7 

+  2  26.24 

(288 

+  6  35.0 
)   Glnitke. 

12  53 

16.81 

+  1(;  29 

9.8 

»9.304 

0.605 

April  21 

10     S  47 

4 

8 

+  1     9.79 

+  4  58.1 

14  :^r) 

57.11 

-   8  38 

2''  3 

»9.467 

0.821 

23 

9  31  33 

5 

9 

+  0  28.06 

+  4  58.5 

14  54 

27.98 

-   8  30 

45.8 

W9.520 

0.815 

May      1 

9  14  13 

6 

8 

—  0  49.22 

-4  13.4 

14  48 

5.54 

-   8     2 

8.6 

M9.482 

0.817 

46 
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Mean  Places  for  1S95.0  of  Comparison- Stars. 


* 
1 

a 

h         111        s 

13     0  47.12 

Kill  III 

8 

i;i-.i.  Ill 

app.  plan 

.Viitliiii'ily 

+  2*40 

+  15  24  13.4 

n 

-15.2 

Prof.  Boss,  2  observations 

•1 

3 
4 
5 
6 

12  55  33.57 

12  50  48.13 
14  54  45.01 
14  53  57.58 

14  48  52.31 

« 

(  +2.46 

)  +2.45 

"  +2.44 

+  2.31 

+  2.34 

+  2.45 

+  16     3  51.6 

+  l(i  22  47.4 

-  8  43     2.7 

-  8  35  26.6 

-  7  57  36.7 

(  -14.0 
(  -13.6 
-12.6 
-17.7 
-17.7 
-18.5 

Prof.  Hoss,  2  observations 

Prof.  Hdss,  1  observation  , 
A.G.  ^'ienna 
A.G.  Vienna 
Stone,  A.G.  Vienna 

OBSEliVATlON-S   OF  THE   ALGOL 

\i\    I'.Vl'L   ,S. 

During  the  seaso)i  of  1895,  1  have  observwl  this  star  on 
twenty-three  nights,  tlie  date  of  the  first  observations  beir.g 
1895  April  21,  anil  that  of  the  last  Oitober  26.  From  the 
end  of  May  to  the  beginning  of  August,  observations  were 
badly  interfered  with  by  unfavorable  weather. 

From  these  observations  are  deduced  five  priiiciiial  and 
eight  secondary  minima.  The  odd  or  secondary  minima 
were  found  difticult  of  observation,  from  the  small  range  of 
the  variation  and  the  indefiniteiiess  of  the  phase.  The  even 
or  principal  minima,  however,  were  as  a  rule  more  easj-  of 
observation,  and  the  minima  well-defined.     No  indication 


-TYPE   STAK   0J12  Z  IIERCULIS, 

YEXDELL. 

of  the  double  minimum  suspected  by  Lini>i:m.\nx  is  afforded 
by  these  observations. 

The  observed  minima  are  given  in  the  subjoined  table, 
the  comparisons  being  with  the  elements  of  ]I.\in'wifi. 
The  residuals  in  the  fifth  cohnun  are  those  resulting  from 
the  computed  times  as  given;  the  sixth  column  contains 
the  values  of  the  cubical  term  given  further  on  ;  the  seventh 
column  gives  the  residuals  which  result  from  the  appli- 
cation of  this  term,  and  the  last  colunin  the  observed  mag- 
nitude at  minimum. 


Observed  Time 


Light  Eq  Conip.Time 


O— C 


Cub.  Term 


O— C" 


Mag. 


160 
178 
180 
186 
188 


101 
137 
159 
163 
173 
177 
181 
187 


PltlXIIlWL    ]\[lNUIA. 
h 


Sept. 


4 

8 

20 

24 


12  49 

+5.2 

11  12 

+  1.8 

10  28 

+  1.4 

9  50 

0.0 

9  27 

-0.4 

14 
12 
12 
12 
11 

SKCOND.iliV 


22  3 

48.5 

38.0 

6.6 

56.2 


-  88.1 

-  94.7 
-128.6 
-13G.6 
-149.6 


-  88.3 
-121.5 
-125.7 
-138.7 
-143.2 


+  0.2 
+  26.8 

-  2.9 
+   2.1 

-  6.4 


7.9 
8.0 
7.9 
7.9 
8.0 


April  23  14  33 
•June  14  13  42 
July  28  10  48 
Aug.    5 

25 
Sept.    2 

10 

22 


11  15: 
9  53 
9  12 
8  49 
8  44 


+3.9 
+  6.7 
+  5.2 
+  4.2 
+3.1 
+  1.5 
+  1.2 
-0.2 


14 
12 
10 
10 
9 
8 


Minima. 

+ 
+ 
+ 


36.2 

21.1 

26.2 
•> 


o. 
12.9 
51.5 
30.6 
49.2 


+ 
+ 
+ 
+ 
+ 


0.7 
87.6 
27.0 
74.0 
43.2 
22.0 
19.6 
54  6 

• 

7.9 
7.8 
7.8 
7.7 
i .  1 
i .  i 
7.7 
7.7 

The  negative  sign  of  the  residuals  in  the  table  of  princi- 
pal minima  seems  to  indicate  that  the  mean  period  since 
the  discovery  of  the  star's  variation  has  been  shorter  than 
that  assigned  by  Chaxdi.ek  and  Haktwh;.  This  indi- 
Ciition  is  confirmed  by  the  progression  shown  both  in  these 
and  to  a  less  distinct  degree  by  those  from  the  secondary 
minima. 

Assembling  the  observations  published  i)y  Haktwiu, 
LiXDEMAsx  and  Pi.assmann  (AstrottomUehe  Narhrirhten, 
Vol.  136,  i>p.  221,  329,  333,  and  Vol.  137.  p.  11),  and  by 
DuxtR  (^Astroji/ii/slfiilJoiiriiaf,  May,  1895),  I  find  a  decrease 


of  period  of  substantially  the  same  value  for  both  [U'lncipal 
and  secondary  series,  and  al.so  that  all  the  observations  of 
principal  minima,  with  the  exception  of  Lindemakx's  are 
fairly  accounted  for  by  the  period  of  Chaxoi.kr  and  Haht- 
wiG,  with  the  addition  of  a  term  depending  on  the  cube  of 
the  epoch  (-0".0012E'').  The  values  of  this  term,  and  the 
residuals  from  my  observations  of  principal  minima  result- 
ing from  its  use  are  given  in  columns  six  and  seven  of  the 
table  above. 

A  consideration  of  all  the  luinima  assembled,  back  as  far 
as  tfie  first  Potsdam  ob.seVvations  in  1888,  seems  to  me  to 
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afford  sti'oiig  indication  of  the  existence  of  a  ]iei'iodical 
c'lianj;!'  in  tlio  p('i'i(i<l  (d'  variation,  ('xtcndins;'  over  iicrliaps 
five  or  six  liiindred  ei)oclis,  tliough  sntticient  data  have  not 
yet  accnniuhited  for  a  deternii nation  of  its  extent  or 
duration. 

It  also  appears  certain  that  tlie  value  given  in  HAHTwrG's 
ephenieris  for  the  interval  from  the  iirincipal  to  the  second- 


ary minimum  is   too  short  by  about  2''  40'",  being  4'' T"" 

less  tJiau  the  half  of  the  pi^i'iod  elapsing  between  two  suc- 
cessive ]iriiicipa.l  mininui,  while  the  actual  mean  value 
siiown  by  niy  observations  is  only  1''  27'"  less  than  the  half- 
period,  apprcja.ciiing  mucli  nioi-e  nearly  to  thi;  value  assigned 
by  DuNi'.ii. 

Dorchester,  Mann.,  18'.).j  Di'<:embcr  15. 


OBSF]llVATIONS  OF  MINOR   PLANETS, 

-MA»K    AT   THK    V.tsSAK    COLLEGE   oliSERV ATOltV, 

By  Puof.  MARY  W.  WHITNEY  and  CAROLINE   E.  FUKNESS. 


1805  Grc'iiwicli  M.T. 


No. 
Coiiip. 


Planet - 


J(l 


TIaiu't's  apparent 
I/.  I  (i 


log  jjA 
for  a      I     for  S 


Obs. 


(;5()6)  Un!f(is 


Apr. 


May 


I'J 
23 
24 
'2r> 
1 
2 

3 
9 

10 
11 

13 
15 


h         111        s 

l.->  23  39 

1 

12- 

16  49  58 

o 

9 

15  35  21 

o 

8 

15     3  53 

3 

8 

15  49  28 

4 

i 

15  32  53 

5 

10 

14  37  10 

5 

8 

14  33  31 

(; 

(> 

15  10  35 

6 

( 

15  13  58 

(i 

9 

14  43  29 

7 

6 

14  57  53 

7 

8 

14  49  46 

7 

13 

14  43  20 

7 

8 

23.05 
46.22 
34.69 


b/> 


.06 


+  0 
-1 

2 

-0 
-3  49.25 
+  1  56.24 
13.02 
54.43 
55.46 
30.72 
40.45 
40.14 
23.42 
38.58 


+  1 
-0 
—  0 
-1 
+  0 
+  0 
-0 

-1 


+  8 


4.4 
58.8 
20.9 
34.9 
45.0 
28.9 
56.4 
44.6 
39.2 
36.8 
50.0 
49.2 
44.4 
53.5 


13  27 
13  24 
13  23 
13  22 


13 
13 


13  16 
13  12 
13  12 
13  11 
13  10 
13  10 
9 
8 


13 
13 


(349)  Demhowsli-a. 


May 


15 
16 
23 
24 
29 
June  1 


June  17 
23 


17  18  19 

8 

10 

15  35     1 

8 

11 

15  53  50 

9 

9 

16  58  16 

9 

5 

14  56  47 

9 

6 

16  16  46 

10 

4 

+  1 

+  0 
-0 

-1 

-5 

+  4 


35.41 
43.95 
34.17 
30.40 
47.39 
43.54 


_  8 
7 
6 
5 
o 


34.5 
51.3 
28.9 
5.7 
15.6 
32.2 


15 
15 
15 
15 
15 
15 


(225)  Henriettn. 


14  50  53 
14  36  50 


11 
12 


-1  14.14 
-2  40.30 


+ 


34.8 
46.5 


15 
15 


30 
29 
23 
22 
17 
15 


16 
11 


50.62 
13.02 
24.55 
33.15 
38.22 
53.49 
10.27 
9.31 
8.28 
33.02 
59.88 
59.57 
56.01 
40.85 


27.31 
35.85 
10.52 
14.30 

57.37 
25.50 


14.81 
19.21 


+ 
+ 
+ 
+ 
+ 
I- 


36 

2 

7 
12 
41 
45 


+  3  49 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


(■) 
6 
8 
10 
10 
13 
14 


49.2 

7*9.110 

1.9 

8.864 

24.1 

;(,8.790 

48.6 

9.049 

37.6 

8.47(; 

36.8 

7.840 

9.4 

8.960 

45.7 

W8.65S 

51.1 

8.418 

53.6 

8.617 

43.9 

?j7.946 

43.1 

8.280 

38.4 

8.313 

47.6 

8.411 

0.745 
0.741 
0.740 
0.739 
0.734 
0.733 
0.733 
0.730 
0.730 
0.729 
0.729 
0.729 
0.728 
0.728 


-23 
-23 
-23 
-23 
-23 


56 
47 
46 
38 
34 


+  2  43 
+  2  12 


1.5 
18.3 
37.0 
13.9 
52.9 

5.7 


47.1 
26.2 


8.655 
8.862 


10.743 

0.748 


8.754 

0.904 

«9.172 

0.896 

«8.599 

0.904 

9.023 

0.901 

?i8.994 

0.901 

8.994 

0.901 

F 
F 
F 
F 
F 
F 
W 
F 

\^' 

F 
F 
W 
F 

F 


F 
W 
AV 

W 
W 
W 


w 
w 


Mean  Places  for 

1895.0  of  Comparison- Stars. 

Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Autliority 

o       / 

II 

It 

1 

13  27  25.24 

+  2.33 

+  2  38 

10.3 

-16.7 

Boss,  A.G.  Albany  4746 

2 

13  25  56.91 

+  2.33 

+  2  58 

19.4 

-16.3 

Boss,  A.G.  Albany  4738 

3 

13  23  23.88 

+  2.33 

+  3  10 

29.8 

-16.1 

Micr.  conip.  with  Alb.  4708  and  Cincin. 

1177 

4 

13  21  25.10 

+  2.37 

+  3  41 

8.4 

-15.8 

Boss,  AXi.  Albany  4720 

5 

13  14  54.89 

+  2.36 

+  3  50 

21  2 

-15.5 

Boss,  A.G.  Albany  4697 

6 

13  13     1.40 

+  2.34 

:J-   4  10 

45.1 

-14.8 

Boss,  A.G.  Albany  4680 

7 

13  10  17.09 

+  2.34 

+   4     6 

8.5 

\  -14.6 
"i  -14.4 

Boss,  A.G.  Albany  4673 

8 

15  28  49.11 

+  2.79 

-23  48 

9.9 

-17.1 

Argent.  G.C.  21101 

9 

15  23  41.88 

(  +2.81 
1  +2.88 

-23  40 

50.6 

S  -17.5 
\  -17.9 

Bonn  VI 

10 

15  10  39.13 

+  2.83 

-23  37 

19.3 

-18.6 

Argent.  G.C.  20710 

11 

15  17  26.25 

+  2.70 

+  2  34 

25.5 

-13.2 

Bos.s,  A.G.  Albany  5193 

12 

15  13  56.81 

+  2.70 

+  29 

52.5 

-12.8 

Boss,  A.G.  Albany  5186 

48 
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OBSERVATIONS  OF  FATE'S  COMET, 

M.VIIK    WITH    TliK   -.'li-lNCIl   TKl.KSCOI'K    OK    THE    U.S.    NAV.VI.   <)HSEKV.\10KY, 

By  I'KOK.  E.  I'lasliY,  PitoF.  S.  J.  BKOWN,  Assistant  A.'^tko.nomeu  GEO.  A.  IIILL,  and  Mit.  GEO.   A.NDKli.sox. 
[Communicated  by  Prof.  Wm.  Harkness,  U.S.N. ,  Astronomical  Director.] 


* 

No. 

^- 

-* 

(^•s  : 

il)l>in'i'iil 

l(»t^  ;iA 

Ohe 

1895-96  Greenwicli  .M.T. 

("onip. 

Ja 

jB 

a 

1         s 

for  a       1     forS 

1 

1    • 

ii     III     » 

O           i                M 

Nov.  IS  12  33  41.3 

1 

10,2  1 

-2  37.56 

-3  55.8 

21   40  57.05 

-5  57     6.3 

9.2867 

0.7817 

y 

lit  12  35   11.1 

1 

IS  .  3 

-1   M.r.c, 

-."!  54  9 

L'l    12   I7.:ii> 

—  ."i  .")7     5.4 

9.2769 

0.7884 

Vi 

21   11  47  57.7 

1./ 

0  .  3 

-1  55.2 

—  5  56  37. S 

.  .   . 

0.6927 

H 

12   13  ."'1.7 

hi 

5  .  0 

-0     2.43 

21     15     2.21 

9.2157 

H 

Dec.  16  12  16  45.7 

•) 

IS  .  4 

-0  21.17 

-6  26.4 

22  26     VkW 

-4  52  24.9 

9.4358 

0.7766 

hi 

Jan.  11   12  23  27.7 

3<( 

S  .  4 

+  0  11.78 

-5  21.6 

23  IS  51.85 

-2     1     4.6 

9.5472 

0.7543 

li 

14   12  33     <).7 

Ao 

8  .  4 

+  0     4.42 

+  0  21.4 

23  25  2S.I4 

-1  35  31.3 

9.5700 

0.7510 

n 

15  11  54  27.7 

5 

8,4 

+0  11.06 

-2     2.3 

23  27  37. SS 

-1   27     6.1 

9.5100 

0.7519  1    1!     1 

The  comet  was  very  distinct  Jan.  15.     Under  a  power  of  400  it  showed  decided  condensation  at  the  center  of  its  faint  nebulous  mass 
30' diameter.— S.B. 

Mean  Places  for  1S95.0  ami  1S9G.0  of  Comparison- Stars. 


1 

hi 

2 

3 

3« 

4 

4a 

5 


21  43  31.90 

21  45  1.59 

22  26  24.85 

23  18  25.37 
23  18  40.16 
23  24  10.25 
23  25  23.80 
23  27  26.88 


Red.  to 

8 

Red.  to 

app.  place 

ajjp.  place 

+  3*07 

-5° 53  24*5 

+  14'!o 

+  3.05 

—  5  54  56.6 

+  14.0 

+2.98 

-4  46  16.3 

+  17.8 

■    -0.09 

-1  53  23.0 

-   1.3 

-0.09 

-1  55  41.7 
-1  36  27.0 

-   1.3 

-0.08 

-1   35  51.6 

-  l.i 

-0.06 

-1   25     2.8 

-   1.05 

Autlioiiiv 


i(yaniall  9806,  Radelifee.,  + Gould) 

i0".5.  From  1,  Ja,  +V"  29«.69  ;  JS,  -1'  32".l 

Munich  (2)  12542 

^Vei.sse'.s  Bessel  XXIII,  325 

10>'.5.     From  3,  J«,  +14^79;  JS,  -2    1S".7 

Iladcliffe.,  6273 

12".     From  4,  Ju.  +73'.55;  .AN,  +35".4 

"Weisse's  Bessel  XXIII.  506 


A  magnifying  power  of  175  was  used  throughout.  The  following  corrections  have  been  applied  to  the  comet's  a  to  reduce  it  to  the  same 
epoch  as  the  declination.  The  corrections  are  included  in  Ja.  Nov.  18,  for  3"'.25,  Ja— 0M8;  Nov.  19,  for  4'".01,  Ja+0'.-24;  Dec.  16, 
for  0"'.6,  Ja+0-.0;5:     Jan.  11,  for  0'".8,   Ja +0".06;     Jan.  14,  for  0"'.3,  Ja— 0".03:     Jan.  15,  for  1"'..)    Ja  — 0M2. 

ON   THE   YAKLVBILITY   OK   THE   STAR*   UM. +0°939, 

.-)!'  0'"  14-,         +1°  2'.4    (IPUO) 
H  V     EDWIN     F .     S  A  W  Y  E  1! . 


The  probable  variabilitj'  of  this  star,  wliicli  is  numbered 
653  in  the  Potsdam  I'hotometric  Catalogue,  was  strongly 
suspected  1895  January  29,  in  the  observation  of  a  sequence 
in  connection  with  my  revision  of  the  magnitudes  in  the 
Potsdam  catalogue,  which  I  had  began  in  the  previous 
November.  This  star,  estimated  as  6". 08  in  the  above 
catalogue,  althougli  difficult  on  account  of  its  red  color,  was 
estimated  so  faint  as  to  exclude  it  from  the  sequence  which 
tjok  in  other  stars  in  its  vicinity,  and  in  consequence  it  was 
independently  compared  with  the  star  no.  630  in  the  same 
catalogue,  and  given  as  7". 21,  and  found  to  be  5  steps 
fainter,  orabout  7  ".7.  It  was  marked  "  variable  ?  ",  and  espec- 
ially noted  for  close  watching.  On  February  14,  the  star 
was  again  observed,  and  noted  as  still  very  faint.  On  March 
23,  it  was  estimated  as  equal  to  no.  630,  or  7". 2,  and  marked 
•Definitive  notation,  1800  W  Orionis. — Ei>. 


as  undoubtedly  variable.  It  was,  however,  thought  ad  visable 
before  making  the  announcement,  as  heretofore  done  where 
the  least  doubt  remained,  to  obtain  one  more  obser- 
vation as  soon  as  the  star  became  favorably  situated  for 
observation.  This  occurred  on  November  11,  when  it  was 
estimated  to  be  3  or  4  steps  >no.  614,  or  about  6". 5,  thus 
placing  its  variability  beyond  doubt.  It  is  now  (1896  Janu- 
ary 8)  fading,  and  is  3  steps  < no.  614,  or  7".2.  It  is 
no.  96  in  Bikmixgiiam's  catalogue,  and  is  very  red,  about 
8  of  Cha.nulkk's  scale. 

While  preparing  an  announcement  of  its  variability,  I 
was  informed  by  Dr.  Chandler  that  Prof.  Pickkhixg  had 
recently  announced  its  variability  from  an  examination  of 
photographic  plates.  The  above  observations,  therefore, 
confirm  indei)endently  the  star's  fluctuation  in  light. 
Brighton,  18^  January  11. 
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FILAE-MICROMETER    MEASURES   OF   THE   FIFTH    SATELLITE   OF   JUPITER, 


made  dukino  tiik  opposition  of  1s94  with  th 

By  E.  E.  B 

On  account  of  tlie  opposition  of  t/ftpi^ec  in  1894  falling 
in  the  bad  season  foi'  observation  at  Mt.  Hamilton  —  and 
that  season  being  an  especially  bad- one — a  few  measures 
only  ot  the  Fifth  Satellite  were  obtained.  In  but  one  in- 
stance was  it  possible  to  cover  the  elongation-time. 

In  all  the  measures  the  satellite  was  very  difficult,  and 
when  the  wind  was  blowing,  as  it  frequently  was,  the 
measures  were  made  with  the  utmost  difficulty. 

I  have  collected  all  my  measures  made  at  this  opposition, 
and  give  them  here  in  fidl.  They  were  made,  as  at  previ- 
ous observations  of  this  satellite,  by  obscuring  the  planet 
with  a  i^iece  of  smoked  mica  covering  half  the  field.  For 
tlie  distances  the  threads  were  carefully  placed  perpen- 
dicular to  the  belts,  by  first  determining  the  parallel  of  the 
belts.  For  the  polar  measures  on  November  18  the  wires 
were  placed  perfectly  parallel  to  the  belts. 

Following  is  a  collection  of  the  position-angles  of  Jupifef's 
belts  as  determined  from  these  settings. 


3G-INCH    REF1!.\CT0I1   OF   TIIK    LICK    OUSF,RV.\TORY, 

ARNAKD. 


1894  Sept. 


18 


II         111 

17  20 
IG  20 


94.0 
92.6 


(1  obs.) 
(1  obs.) 


Sept 

23 

h       III 

15  45 

93.5 

(1  obs.) 

30 

17     0 

93.2 

(1  obs.) 

Oct. 

8 

13  55 

94.4 

(2  obs.) 

29 

13  30 

95.4 

(1  obs.) 

Nov. 

4 

12  30 

94.4 

(1  obs.) 

11 

11  30 

93.9 

(1  obs.) 

12 

11     0 

93.2 

(1  obs.) 

18 

10  50 

93.5 

(2  obs.) 

Dec. 

23 

13  12 

91.2 

(3  obs.) 

1895  Jan. 

6 

12  15 

90.3 

(3  obs.) 

Feb. 

4 

7  30 

89.7 

(3  obs.) 

17 

9     0 

89.2 

(3  obs.) 

24 

9     0 

88.6 

(4  obs.) 

25 

6  30 

89.0 

(4  obs.) 

Mar. 

31 

9     0 

91.0 

(4  obs.) 

Apr. 

21 

8  20 

90.9 

(1  obs.) 

22 

6  35 

92.3 

(1  obs.) 

By  adding  90°  to  these  position-angles  that  of  the  threads 
at  the  settings  for  the  distances  can  be  obtained.  I  have 
given  in  the  last  column  the  number  of  independent  set- 
tings from  which  the  position-angles  were  determined. 

As  usual,  throughout  this  paper  the  observation-times  are 
8''  0'"  slow  of  Greenwich,  being  "Standard  I'acific  Time." 


1894  October  8. 


Standard 
Pac.  Time 

)i   ni   8 

13  59  12 

14  5 
14 
14 

14  14  17 
14  18  12 

''■A      7 


9 

8  37 
12  14 


14 
14 
14 


37 
52 


Satellite  preceding. 

A  from 

A  from 

Circle 

pree.  limb 

center 

52.621 

25.16 

45.47 

53.049 

29.40 

49.71 

52.951 

28.43. 

48.74 

52.921 

28.13 

48.44 

53.003 

28.94 

49.25 

53.269 

31.58 

51.89 

53.215 

31.04 

51.35 

53.209 

30.98 

51.29 

53.200 

30.89 

51.20 

Coincidence  of  threads  =  .'J0''.OS0. 

1894   Orfohn-  29. 

Satellite  preceding. 

13  30  42        47.071      29.83  51.58 

13  39  32        46.987      30.(J7  52.42 

13  41  27        47.172      28.83  50.58 

13  42  57        47.188      28.68  50.43 


Standard 
Pac.  Time 

ll  111  s 

13  44  47 
13  46  57 
13  48  17 
13  51  12 
13  55  19 
13  57  17 


1894  October  29. -Contin. 

A  from      A  from 
prec.  limb   center 


Circle 

47.322  27.35  49.10 
47.253  28.03  49.78 
47.296  27.61  49.36 
47.357  27.00  48.75 
47.450  26.07  47.82 
47.678      23.82      45.57 

Coincidence  of  threads  =  :j0''.084. 

Satellite  very  faint,  and  not  seen  steadily. 


1894  November  4. 
Satellite  preceding. 


12 
12 
12 
12 
12 
12 
12 


35 
37 
39 
41 
43 
45 
46 


31 
1 
28 
46 
6 
10 
33 


46.825 
46.968 
46.958 
46.761 
47.095 
46.808 
46.882 


33.09 
31.68 
31.77 
33.73 
30.42 
33.26 
32.53 


55.25 
53.84 
53.93 
55.89 
52.58 
55.42 
54.69 


1894  November  4.  — Contin. 


Standard 
Pac.  Time 
h       m       8 

12  49  46 
12  ,50  56 
12  52  46 
12  54  36 
12  46  41 

12  58  36 

13  0  11 
13  13  46 
13  18  38 
13  20  46 

•79 


13 
13 
13 


1 
31 
31 


13  32  21 
13  35  1 
13  36  16 
13  38  11 


Circle 

46.938 
46.863 
46.883 
47.035 
47.063 
46.928 
47.089 
47.284 
47.423 
47.520 
47.569 
47.555 
47.611 
47.758 
47.910 
47.955 
47.882 


A  from 
prec.  limb 

3l"97 
.32.72 
32.52 
31.01 
30.74 
32.07 
.30.48 
28.55 
27.17 
26.21 
25.73 
25.86 
25.31 
23.85 
22.35 
21.91 
22.63 


A  from 
center 

54'!l3 
54.88 
54.68 
53.17 
52.90 
54.23 
52.64 
50.71 
49..33 
48.37 
47.89 
48.02 
47.47 
46.00 
44.51 
44.06 
44.79 


Coincidence  of  threads  =  oC.  105. 
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r°-  367 

1804  Xorcml 

<•/■  11. 

1894  . 

Voreiiilier  18 

.  —  Con  tin. 

1894  Noreinber  19 

— ("oiiti 

1. 

■^alfllite  pri'coilinir. 

Standiuil 

Standa 

rd 

A  from 

.Stanilaiil 

A  from 

A  from 

ll 

.  Time 

Circle    Afr.S.limb 

Jov.lat. 

l>ac 

.  Time 

Circle    At 

r.fol.llmb 

center 

Pac.  Tiiiu' 
h       111       • 

Circle     jirco.  limb 

f                                  w 

center 

11 

ll" 

17 

93^530 

21.56 

-0.20 

h 

11 

III 
53 

29 

88^112 

75"  15 

51  "94 

11  40  47 

92.202 

34.58 

57.14 

11 

15 

12 

93.549 

21.37 

-0.39 

11 

55 

11 

88.123 

75.04 

51.83 

11  41  45 

92.308 

33.53 

50.09 

11 

10 

*>*> 

93.467 

22.18 

+  0  42 

11 

50 

34 

88.123 

75.04 

51.83 

11  42  38 

92.301 

34.19 

50.97 

11 

17 

20 

93.508 

21.77 

+  0.01 

11 

58 

41 

88.300 

73.23 

50.02 

11  45     (! 

92.320 

33.95 

50.51 

11 

18 

17 

93.5(58 

21.18 

-0.58 

12 

0 

9 

88.303 

73. 2(; 

50.04 

11  4C.  12 

02.280 

34.40 

50.90 

11 

20 

4 

93.451 

22.34 

+  0.58 

12 

1 

56 

88.418 

72. 1 2 

48.91 

11  47  20 

92.329 

33.91 

50.47 

12 

3 

24 

8s.;iS8 

72.4  1 

19.20 

11  40  27 

92.294 

34.20 

5(1.82 

Alr..N.liiii 

b 

12 

5 

14 

8S.423 

72.07 

48.86 

11  57  45 

92.320 

33.95 

50.51 

11 

24 

17 

97.819 

20.91 

+  0.85 

12 

7 

14 

88.535 

70.9(; 

47.75 

11  50  10 

92.307 

34.13 

50.69 

11 

20 

4 

97.738 

20.11 

+  1.65 

12 

10 

29 

88. 528 

7 1 .03 

47.82 

12     1  21 

92.300 

33.55 

50.11 

11 

27 

12 

97.745 

20.18 

+  1.58 

12 

11 

29 

88.026 

70.00 

40.85 

12     3  10 

92.;!90 

33.31 

55.87 

11 

28 

'>•> 

97.803 

20.76 

+  1.00 

Coincidence  of  threads 

=  'J.)r.701 

12     4  22 

92.;!09 

34.11 

50.07 

11 

29 

32 

97.842 

21.15 

+0.01 

12    4  :>r> 

92.:!09 

34.11 

50.07 

11 

30 

37 

97.812 

20.84 

+  0.92 

1S94  Ihreiiil 

ii'r  3. 

12     7  40 
12     8  45 
12  10  53 
12  12  35 

92.380 
92.358 
92.34t) 
92.412 

33.41 
33.03 
33.75 
33.09 

55.97 
55.19 
50.53 
55.87 

11 
11 
11 
11 

32 
33 
34 
35 

7 
32 
27 
22 

97.814 
97.882 
97.802 
97.823 

20.86 
21.54 
20.75 
20.95 

+  0.90 
+  0.22 
+  1.01 
+  0.81. 

15 

15 

15 

9 
11 
12 

55 
15 
57 

Satellite  following. 
92.509      33.09 
92.404      33.54 
92.512      33.00 

50.88 
57.33 
50.85 

12  14  32 

92.490 

32.32 

54.88 

ifr..S.limb 

15 

14 

7 

92.441 

33.77 

57.50 

12  IC.  27 

92.409 

32.53 

55.09 

Jl 

39 

17 

93.513 

21.72 

-0.04 

15 

15 

49 

92.402 

34.15 

57.94 

12  IS  22 

92.488 

32.34 

54.90 

11 

41 

20 

93.407 

22.77 

+  1.01 

15 

18 

24 

92.443 

33.75 

57.54 

12  10  45 
12  21  35 

92.532 
92.534 

31.90 
31.88 

54.40 
54.44 

11 
11 

42 
43 

42 
47 

93.501 
93.464 

21.84 
22.21 

+  0.08 
+  0.45 

15 
15 

22 
24 

35 
25 

92.338 
92.426 

34.79 
33.91 

58.58 
57.70 

12  23     1 

92.('>01 

31.22 

53.78 

15 

26 

0 

92.302 

35.14 

58.93 

12  33  30 

92.747 

29.78 

52.34 

Coincidence  of  threads 

=  95^707. 

15 

27 

57 

92.210. 

30.05 

59.84 

12  3'J  53 

92.903 

28.23 

50.79 

15 

33 

2 

92.273 

35.43 

59.22 

Coincidence  of  threads 

=  95^.754 

. 

' 

"hel 

ast  column  gives  the  distance  of  llie 

15 

34 

27 

92.243 

35.73 

59.52 

'x-r  12. 

satellite  noi 

111  or  south  from  the 

apparent 

15 

37 

30 

92.252 

35.64 

59.43 

ls;»4  ^yorem 

center 

of  the  disc,  or  its 

apparei 

It  Jovian 

15 

40 

30 

92.276 

35.40 

59.19 

Satellite  preceding. 

latiluilf 

15 

42 

0 

92.215 

30.00 

59.79 

12  35  10 

92.935 

27.91 

50.59 

15 

44 

i) 

92.2.58 

35.78 

59. 57 

12  38  28 

92.S84 

28.42 

51.10 

1894  ^orelnl 

ter  19. 

15 

46 

15 

92.130 

30.84 

00.03 

12  40  52 

93.002 

20.00 

49.34 

Satellite  preceding. 

15 

48 

40 

92.250 

35.60 

59.45 

12  44  31 

93.153 

25.70 

48.44 

fr 

.pr.lirab  fr.  center 

15 

52 

10 

92.245 

35.71 

59.50 

12  40  20 

93.253 

24  7() 

47.44 

11 

35 

8 

92.278 

33.89 

50.94 

15 

56 

5 

92.384 

34.33 

58.12 

Coincidence  of  threads 

=  O.^r.Vo-l 

I. 

11 

36 

24 

92.435 

32.34 

55.39 

15 

58 

o 

92.330 

34.87 

58.06 

1894  Novem 

ber  18. 

11 

37 

41 

92.410 

32.59 

55.64 

15 

59 

45 

92.395 

34.22 

58.01 

Satellite  preceding. 

Afr.X.limb 

11 

39 

19 

92.474 

31.95 

55.00 

10 

r> 

30 

92.340 

34.77 

58.56 

Jov.lat. 

11 

41 

29 

92.530 

31.40 

54.45 

16 

4 

13 

92.355 

34.01 

58.41 

11     8  12 

97.803 

21.35 

+  0.41 

11 

43 

27 

92.559 

31.11 

54.16 

16 

17 

0 

92.553 

32.0(; 

50.45 

11  10     0 

97.833 

21.05 

+  0.71 

11 

44 

54 

92.503 

31.(57 

54.72 

16 

18 

55 

92.512 

33.06 

50.85 

11  10  57 

97.940 

22.11 

-0.35 

11 

45 

49 

92.698 

29.74 

52.79 

16 

23 

25 

92.655 

31.65 

55.44 

11  12  57 

97.800 

20.73 

+  1.03 

11 

47 

11 

92.000 

30.71 

53.70 

Coincidence  of  tlireads 

=  95r.851. 

Plotting  the  measures  on  each  side  of  elongation,  tlie 
elongation-distance  is  found  to  be  59".50,  or,  at  A  5.20  = 
48".17,  and  the  elongation-time  =  15'"  44"". 

The  elongation-time,  computed  from  the  measures  on 
each  side  of  elongation,  =  15''  43"'.2.  Assuming  the  mean 
of  these  two  values,  from  the  graphical  and  computed  re- 
sults, we  have 

East  elongation,  1894  December  3,  15"  43'".6  St.  Pac.  Time, 
or     December  3,  23''  A3"'.6  Greenw.  M.T. 

Tliis  was  the  only  observed  elongation  possible  during 
the  opposition  of  1894. 

M.\RTH  (.4. AT. 3253)  gives  an  ephemeris  of  this  satellite 


for  the  opposition  of  1894.  For  December  3  liis  ephem- 
eris gives  east  elongation  at  23''  42™. 4  Gr.  M.T. 

My  observation  would  show  that  the  satellite  is  a  little 
over  one  minute  of  time  behind  his  ephemeris,  which  is 
based  on  a  period  of  11"  57""  22'.60. 

As  onlj'  one  elongation  was  observed  in  1894,  this  correc- 
tion may  be  somewhat  uncertain.  It  would  seem,  however, 
that  the  above  period  will  represent  the  motion  of  the  satellite 
with  sufficient  closeness  to  find  it  for  several  years  to  come. 

Mr.  !Makth  also  gives  the  apparent  elongation-distance 
for  December  3  as  59".41,  which  is  in  close  accord  with 
my  measures  (59".50). 

The  observations  are  corrected  for  phase. 


NO-  3(17 


THE     ASTRONOMICAL     JOURNAL. 


51 


Hv  PAUL   S 

])iiri)iL;'  tlie  season  of  181)5  I  observed  live  luiuiiiia  of  this 
star,  as  follows  : 

1895  .luly  30,    thirteen    observations,    from    9''   47 
14''  9'"  Local  M.T. 

Time  of  niininuuu  by  singh^  curve,  12''  34'",  wt.  3. 

Time  of  minimum  by  equal  brightness: 


OBSERVED  MINIMA   OF   7488  YCYUNI, 

YENDKLL. 


to 


Before 

After 

Mean 

M 

8.0 

h       III 

11   28 

h         III 

13     11 

ll      III 
12  18.5 

8.2 

11  58 

13  49 

12  53.5 

Mean, 
Least  observed  light,  8". 30. 


12  3G,0 


1895  September  1,  eighteen  observations,  from  8''  45'"  to 
13''  43'". 

Time  of  minimum  by  .single  curve,  11'' 4(5'",  wt.  4.  Bright 
moonlight. 

Time  of  minimum  by  equal  briglitness: 


Before 

After 

Mean 

M 

ll       III 

h         in 

h       111 

7.8 

10  37 

13  40 

12     8.5 

8.0 

11     2 

13  20 

12  11.0 

8.2 

11  24 

12  30 

11  57.0 

8.4 

11  38 

11  50 

11  44.0 

Mean,  12     0.1 

Least  observed  light,  8>'.40. 

This  minimum  was  an  exceptionally  well-determined  one, 
the  bright  moonlight  proving  an  advantage  instead  of  an 
impediment,  by  reducing  the  contrast  between  the  star  and 
the  background,  and  consequently  the  glare. 

1895  November  30,  ten  observations,  from  7''  19'"  to 
9"  26'". 

Time  of  minimum  b^'  single  curve,  8''  25'",  wt.  3.  Bright 
moonlight. 

Time  of  minimum  hj  equal  brightness  : 


8.2 

8.4 


Before 

h        111 

7  39 

8  10 


After 
h       III 

9     9 
8  42 


!^[ean, 
Least  observed  light,  8". 4(5. 
Dorchester,  Mass.,  1896  January  18. 


Mean 

ll       III 

8  24.0 

8  26.0 

8  25.0 


Before 

After 

Mean 

8   0 

8  46 

8  23 

1895  December  3,  eight  observations,  from  7''  18'"  to 
Qii  26'". 

Time  of  minimum  by  single  curve,  8''  22'",  wt.  2.  liright 
moonlight. 

Time  of  minimum  by  e(iual  brightness: 

M 

8.4 

Least  observed  light,  8". 48. 

1895  December  6,  six  observations,  from  7''  15'"  to  9''  10'". 

Time  of  minimum  by  single  curve,  8"  30'",  wt.  1. 

Time  of  miniiuum  by  equal  brightness  : 

Before         After  Mean 

M  ll        III  h       111  h       in 

8.4         8  19         8  43         8  31 

Least  observed  light,  8".45. 

I  have  given  no  mean  curve  reductions,  as  I  have  no 
satisfactory  curve. 

Assembling  the  times  deduced  from  the  .single  curves, 
and  reducing  them,  for  the  sake  of  convenience  in  com- 
parison, to  Greenwich  ilean  Time,  we  find  the  comparisons 
with  Haktwig's  ephemeris  are  as  follows: 


Observed  Minima 

Light 

Comp.Tiiue 

E 

Gr.  M.T. 

wt. 

Eijii. 

Gr.  M.T. 

O-C 

1895            d        ll       m 

Ill 

ll       ni 

in 

2106 

July  30  17  18.5 

3 

+  4.9 

18     1.2 

-37.8 

2128 

Sept.    1  16  30.5 

4 

+  5.1 

17     5.3 

-29.7 

2188 

Nov.  30  13     9.5 

3 

-1.1 

14  33.9 

-85.5 

2190 

Dec.     3  13     6.5 

2 

-1.5 

14  27.8 

-82.8 

2192 

6  13  14.5 

1 

-1.6 

14  21.9 

-69.0 

The  persistence  of  the  negative  sign  in  the  above  re- 
siduals, and  the  plainly  indicated  increase  in  their  value, 
appear  to  show  that  the  intervals  between  the  odd  and  even 
minima  have  ceased  to  increase,  and  are  now  diminishing ; 
this  would  seem  to  imply  that  this  interval  is  periodically 
variable  within  limits  as  yet  undetermined,  the  variation 
being  possibly  du3  to  a  revolation  of  the  line  of  ap- 
sides. 

It  is  hoped  that  observations  of  the  odd  minima  during 
the  time  covered  by  the  above  observations  will  be  forthcom- 
in^,  so  as  to  confirm  or  contradict  the  inference  drawn  from 
these  of  the  even  series. 


OBSERVATIONS   OF   VARIABLE  STARS,  — No.  2, 

Bv  WM.  E.  SPERRA. 


The  following  list  of  observed  maxima  and  minima  is 
like  the  preceding  one  (A.J.  350)  arranged  in  two  parts, 
embracing  observations  of  long  and  short-period  stars  re- 
spectively. The  time  included  is  from  1895  April  to  1895 
November,  and  they  were  made,  except  where  otherwise 
stated,  with  a  3-inch  refractor,  by  the  Argelander  method. 
The  magnitudes,  unless  otherwise  stated,  are  on  the  his- 


toric scale.     The  time,  when  expressed  in  the  decimal  of  a 
day,  is  Greenwich  Mean  Time. 

103.      T  Andromedae. 
A  maximum  at  7 ".8  for  1895  September  7.5  is  indicated 
from  twenty-nine  observations,  extending  from  1895  July 
30  to  1895  October  23. 
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2Slo.      U  Geminontm. 
A  niaxiinum  is  indicated  for  about  1895  October  28.0, 
from  the  four  observations  below.     ^Magnitude  on  IJaxen- 
uell'.s  scale.  9>'.2. 


1895  Oct.  27.0 
28.0 


9.1 


Oct.  30.0 
Nov.   1.0 


9.5 
9.7 


3825.     R  Urme  Miijnri.i. 
Twenty-nine  olisorvations,   from    1S95   Mari'li  24,  when 
the  star  was  below  10",  to  1S95  July  30.  when  tlie  star  had 
fallen  to  some  below  8*. 5,  indicate  the  date  of  maximum 
very  definitely  for  1895  June  2,  at  (J'-.S. 

4511.  T  Ursae  Majoris. 
This  star  was  observed  twenty-five  times,  from  1895 
March  IG  to  1895  June  22.  It  was  about  9".S  at  first  ob- 
servation, and  at  the  last  one  about  9 ".3.  The  date  of 
m.aximum  is  indicated  quite  definitelj-  for  1895  April  30.  at 
S^.O.     Both  rise  and  fall  were  regular. 

4521.  R  Virginis. 
A  maximum  of  6". 9  is  very  definitely  indicated,  from 
nineteen  observations,  for  1895  IVfay  28.5.  Observations 
extend  from  1895  April  17,  when  star  was  of  8". 7,  to  1895 
June  27,  when  it  had  again  reached  that  light.  The  rise 
was  slower  than  the  fall ;  however,  both  were  regular. 

4847.      S  Virr/liiit. 

Twenty-five  observations,  from  1S95  April  17  to  1895 
■July  Ifi,  yield  the  date  of  maximum  as  1895  May  21.5,  at 
G'A.  At  first  observation  the  star  was  at  8". 4,  and  at  last 
about  7 ".7. 

5194.      VBootls. 

Continuing  to  follow  this  star  from  the  maximum  re- 
ferred to  in  mj'  former  paper  (^.J.  350),  it  was  observed 
forty-eight  times,  from  1895  April  10  to  1895  October  9, 
yielding  the  date  of  minimum  for  1895  July  29,  at  8". 9. 
Commencing  soon  after  the  last  observation  given  in  my 
former  paper,  the  remainder  of  the  decrease  was  marked 
by  considerable  fluctuation  and  irregularities,  as  indicated 
by  the  observations.  Soon  after  the  minimum  was  passed 
these  fluctuations  ceased,  and  the  observations  lie  close  to 
curve  again. 

5237.     R  Bootis. 

Nineteen  observations,  from  1895  August  7  to  1895  Octo- 
ber 13,  yield  the  date  of  maximum  as  1895  September  22.0, 
at  7 ".3.  At  first  and  last  observations  the  star  was  at 
9". 2  and  7". 8  respectively. 

7085.     RTCygnl. 

Continuing  to  follow  this  star,  thirty-five  observations, 

from  1895  May  20  to  1895  August  20,  indicate  the  date  of 

maximum  very  definitely  for  1895  July  15.0,  at  7''.0.     The 

curve  for  this  maximum  presents  an  entirely  different  form 


from  that  of  1894  Dec.  17,  described  in  my  paj)er  already 
alluded  to.  Starting  at  below  9". 5  at  first  date,  it  rose 
quite  rajjidly  to  S".0  by  June  10,  then  more  slowly  until 
about  June  25,  when  7 ".5  wa.s  reached;  then  more  rapidly 
again  until  at  niaxiinum  light  it  stood  for  iibout  ten  days, 
falling  tlicu  more  rapidly  than  it  rose  to  7". 8  by  Aug.  8; 
increasing  its  rate  of  decrease  it  reached  9". 5  Aug.  20. 

7118.     X  Aqitilae. 
Ten  observations  from  June  17  to  1895  July  24.  indicate 
the  maximum   phase  for   1895  July  6,  at   approximately 
9>'.0. 


Short-Period  Variables. 

4805.      W  J'irglnis. 
Twenty-eight  observations,  from  1895  May  12  to  1895 
June  24,  yield  as  follows: 

Max.     1895  May  17.0         8!'7 
Max.  Jiwie    1.7         8.9 

Max.  19.3         8.1') 

6636.      U  Sagittarii. 
Twenty-six  observations,   from    1895   ^lay   20  to   1895 
August  23,  yield  by  mean  light-curve  (published  by  Mr. 
Yexdeli.  in  Popular  Astronomy,  no.  18)  as  follows : 


Maxima 

Minima 

Obs. 

\vt. 

Obs. 

Wt 

1895  :May  29.20 

2 

1895 

June  22.82 

o 

1 

June  18.48 

2 

Aug.    8.04 

2 

1 

26.05 

2 

16.06 

o 

1 

July  17.28 

o 

22.84 

3 

1 

Aug.  11.60 

3 

6758.  fj  Lyrae. 
This  star  was  observed  sixty Jtimes  by  naked  eye,  from 
1895  July  9  to  1895  November  21,  and  the  yield  by  mean 
curve  (Schon'keld's  as  published  in  no.  15  of  the  above- 
named  Journal  by  Mr.  Yexdell)  of  principal  minima  is 
only  three,  as  follows  : 

Obs.     Wt. 
1895  July  25.94         2         1 
Aug.     7.78         2         1 
Sept.    2.96         3     •    1 

7124.  ij  Aqiiiiae. 
Twenty-six  naked-eye  observations  of  this  star  were  ob- 
tained between  1895  Aug.  13,  and  1895  Nov.  15.  No  mean 
light-curve  of  this  star  being  at  hand,  one  for  the  maximum 
phase  was  constructed  from  my  own  observations  by  using 
the  period  of  the  star.  The  resulting  maxima  by  this 
curve  are  as  follows : 


Obs.  Wt. 
1895  Aug.  1.).9'.)       2       1 
22.19       3       1 
29.24       2       1 


Obs.  Wt. 

1895  Sept.  13.00      2  1 

19.91       4  1 

Oct.    18.52       3  1 
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This  last   ma.Kiiimm    wa.s   also   ri'duued  by   the   graphic 

method  from  live   ubservatiou.s,   which    gave    the   tiiiic   as 

Oct.  18.50. 

7437.     A'  Cijfjnl. 

Fifty-three  observations  of  this  star,  from  1895  May  10 
to  1895  Aug.  21,  yield  res\ilts  as  follows  : 

Bandolpli,   Ohio,  1890  .Jdiuiari/  28.  


1895.luiie    1.83     Mil). 

7.23     Max. 

18.13     Mill. 


24.48 
July    4.38 


Max. 
Mill. 


0.7 
6.3 
6.6 
6.3 
0.6 


1895  July 


AUL'. 


10.13 

Max. 

6.3 

18.93 

Min. 

6.7 

20.38 

Max. 

6.3 

7.88 

Min. 

6.7 

12.83 

Max. 

6.2 

OBSERVATIONS   OF   COMET  c  ISO;'^  {pebbine), 


M.\DE    WITH    THE    12-INCH    KQUATORI.^I,   OF   ' 

rilK    LICK   OUSEKVATOny, 

1895  Mt.  Ilami 

Hon 

M.T. 

* 

No. 
Coiiip. 

Aa. 

-* 

j8 

^'s  apparent 

a            1             S 

log  J) A 
for  a       1     for  8 

By  R 

G. 

AITKEN 

h 

III        s 

/       " 

h         ma 

0             /             " 

Nov.  20  16 

58 

40.0 

6 

13,9 

+  2     9.44 

— 

3  23.9 

13  53  32.23 

-  0  25  59.4 

J19.653 

0.729 

*21  17 

23 

39.0 

7 

10,5 

-h6  46.48 



2  31.3 

13  56     6.99 

-   1     1  58.5 

«9.634 

0.732 

17 

23 

39.0 

8 

10-,  5 

+  1  30.03 

-1- 

4     2.2 

13  56     7.57 

-   1     1  58.4 

M9.634 

0.732 

22  17 

35 

43.5 

9 

10  ,7 

+  1  39.92 

+ 

2     1.6 

13  58  48.09 

-   1  39  31.5 

W9.624 

0.735 

Bv   C 

D. 

PERKINE. 

Nov.  23  17 

50 

19 

10 

8,5 

-3  55.24 

— 

8  15.8 

14     1  39.58 

-   2  19  10.7 

?(9.607 

0.739 

24  10 

58 

55 

11 

24,8 

+  1  34.57 

-f- 

2  57.3 

14     4  32.30 

-   2  59  20.5 

W9.651 

0736 

25  17 

8 

53 

12 

34  ,  10 

+  0  37.71 

+ 

2  21.9 

14     7  44.75 

-  3  43  44.4 

«9.044 

0.739 

30  18 

1 

19 

13 

10  ,4 

-2  29.05 

— 

6     3.6 

14  27  45.84 

-  8  13  17.9 

w9.598 

0.707 

Dec.     1   17 

15 

14 

14 

12,12 

+  0  10.07 

-h 

0  39.1 

14  32  39.11 

-   9  16  84.0 

«9.G45 

0.756 

3  17 

20 

40 

15 

13  ,4 

-0  38.79 

— 

7  15.9 

14  44  17.42 

-11  42  30.4 

M9.048 

0.761 

4  17 

33 

53 

16 

7,8 

+  0  23.12 



12  45.0 

14  51     7.16 

-13     4  37.9 

n9.641 

0.708 

7  17 

31 

16 

17 

10  ,6  . 

-fl  36.63 

-t- 

0  43.0 

15  16  35.28 

-17  46     8.1 

7i9.665 

0.767 

18 

9 

20 

18 

8,8 

+  0  32.32 

-1- 

3  52.8 

15  16  51.45 

-17  48  51.2 

«9.629 

0.791 

9  18 

13 

43 

19 

11 

+  1     2.83 

15  39  53.03 

w9.650 

18 

25 

56 

19 

3 

-h 

0  30.4 

-21  28  40.8 

0.798 

10  18 

13 

44 

20 

14 

+  2     8.90 

15  53  45.59 

?(9.007 

18 

31 

35 

20 

3 



10  58.5 

-23  24  34.8 

0.797 

11  18 

28 

42 

21 

2 



7     1.5 

-25  19  52.1 

0.788 

18 

34 

20 

0'> 

o 

-5     8.39 

16     9  42.30 

W9.005 

Mean  Places  for  1895.0  of  Comparison- Stars. 


*  Seeing  very  bail,  owing  to  wind  and  haze. 
The  zenith-distance  was  large  in  the  later  observations,  notably  Dec.  0,  10  and  11. 
The  differences  of  right-ascension  on  Dec.  1,  4,  7-2,  were  measured  directly  with  the  micrometer. 


Red.  to 

Red.  to 

* 

a 

app.  place 

h 

app.  place 

Authority 

6 

1 
13 

III         s 

51  20.86 

+  L93 

c 

-  0 

1 
22 

1/ 

18.4 

-17.1 

Schiellei-up  4981 

7 

13 

49  18.55 

+  1.90 

-   0 

59 

10.0 

-17.2 

Radcliffe  (3)  3604 

8 

i  o 

lo 

54  35..59 

+  1.95 

-   1 

5 

43.4 

-17.2 

I  (Copeland-Borgen  4101  +  Munich  II,  5126) 

9 

13 

57     0.81 

+ 1 .96 

-    1 

41 

15.9 

-17.2 

Radcliffe  (3)  3636 

10 

14 

5  32.86 

+  1.90 

2 

10 

43.7 

-17.2 

^(2  Schj.5054  +  Mumeh  I,  9917) 

11 

14 

2  55.81 

+  1.98 

—  3 

2 

0.6 

-17.2 

i  (Radcliffe  (3)  3661  +  Schi.  5040) 

12 

14 

7     5.04 

+  2.00 

-   3 

45 

49.1 

-17.2 

;^(2  Schj.5059  +  \Veisse'sBessel  XTV,  65) 

13 

14 

30  12.84 

+  2.05 

-   8 

0 

57.6 

-10.7 

Cordoba  Gen.  Cata).  19772 

14 

14 

32  26.96 

+  2.08 

-   9 

10 

50.4 

-10.6 

i  (Radcliffe  (.3.)  3784  +  Schj.  5190) 

15 

14 

44  54.09 

+  2.12 

-11 

34 

58.3 

-16.2 

Radcliffe  (3)  3835                                        v 

16 

14 

50  41.90 

+  2.14 

-12 

51 

36.9 

- 16.0 

i(W.  Bessel  XIV,  909  +  Munich  I,  10723) 

17 

15 

14  56.44 

+  2.21 

-17 

40 

36.0 

-15.1 

i  (Cordoba  Gen.  Catal.  20792 +  Eadcl. (3)  3955) 

18 

15 

10  16.92 

+  2.21 

-17 

52 

28.9 

-15.1 

OeJtzen-Argelander  11843 

19 

15 

38  47.95 

+  2.25 

-21 

28 

57.0 

-14.2 

12114 

20 

15 

51  34.35 

+  2.28 

-23 

13 

22.7 

-13.6 

(Jordoba  Gen.  Catal.  21622 

21 

16 

8  31.62 

+  2.31 

-25 

12 

37.0 

-13.0 

"           "         "      22004 

22 

16 

14  48.37 

+  2.32 

-25 

20 

27.0 

-12.7 

"           "         «      22158 
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ON  A   SUSPECTED  YxVKIABJ.E   IN    OEION, 

a  =  4'"  5S"'  U'.l),         8  =  +3°  nO'.S     (1855), 
By  PAUL  S.  YEXDELL. 


I  have  used  this  star,  which  is  DM.  3°7ti4,  9". 4.  as  a 
coinparison-star  for  1805  V  Ononis,  in  1893  and  1894.  It 
was  compared  with  Ton  the  follow iiijj  dates:  1893  Dec. 
10,  17  and  29,  and  1894  Feb.  22,  and  Mar.  1.  3  and  7,  and 
Nov.  9.  Its  estimated  magnitude,  from  these  observations, 
is  gx.G. 

During  the  present  season,  I  have  looked  for  T'on  1893 
Nov.  29  and  Dec.  6,  16  and  29,  and  retain  a  distinct  im- 
pression, though  no  note  was  made  of  the  fact,  that  on 
these  occasions  I  did  not  see  764.  On  1896  Jan.  4,  I  saw 
V,  and  estimated  it  as  about  11",  and  my  note  of  the  obser- 

Dorchesier,  1890  February  5. 


vation  reads  '-could  not  see  <("'  (764).  On  dan.  11  and  18. 
and  Feb.  1,  the  field  was  again  observed,  and  on  neither 
occasion  was  a  seen ;  on  the  last-mentioned  date  the  sky 
was  unusually  clear,  the  moon  absent,  and  the  star's  htnir- 
angle  less  than  one  hour ;  V  was  seen,  and  again  estimated 
as  11",  but  no  trace  of  n  was  percejitiblc,  the  limit  of  vision 
being  estimated  as  about  12". 

In  view  of  these  observations,  the  star's  variability  seems 
very  probable,  and  the  attention  of  observers  who  possess 
i  optical  means  adeijuate  to  its  verihcation  is  hereb}'  called 
to  it. 


OJ^SRRVATIOXS    OF    COMET  d  1895  (brooks), 

m.vdio  .\t  ruk  l.ick  obsekvatory,  with  thk  12-ix(ii  el^u.vtohi ai,, 
By  K.  G.  AITKEX. 


189.5  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

#- 
^a 

-* 

^'s  apparent 
a           1             8 

log  ])A 
for  a      1     forS 

h       111        s 

in       8 

/            // 

ll          III           8 

O          /            ff 
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Krueger,  Helsingfors-Gotha  A.G.  Catal.  4993 

OBSERVATIONS  OF  COMET  a  189G, 

made  at  the  l.ick  ousekv.vtory  witu  tue  12-ixcu  etjlatoui  a  l, 
By  C.  D.  PERKINE. 
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3Iean  Places  for  1S9G.0  of  Comj)arison- Stars. 

* 

a 

Ii        m       8 

19  25  13.35 
19  30  41.62 
19  38  51.79 

Rod.  to 
app.  place 

s 

Ked.  to 
app.  place 

Authority 

1 

2 
3 

-0'.13 
-0.16 
-0.21 

0       ;           » 

-3     0  19.6 
+  0     1    13.9 
+  3  15  50.7 

-12.0 
-12.4 
-12.7 
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Bos.s,  Albany  A.G.  Catal.  6821 

EPIIEMERIS   OF   COMET  c  1895  {perrine), 

By  C.   1).  PEIIKINE. 


The  following  epliemeris  i.s  computed  from  the  elements 
of  Professor  Campbell,  published  in  the  Astrononiivnl 
Journal,  no.  361. 


Ephemeris  for  Greenwich  Mean  JIidxight. 
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+  13°  23 

14  30 

15  37 

16  41 

17  43 

18  43 
+  19  39 


log  r 

0.382 
0.403 
0.423 
0.441 


log  A 
0.355 

0.352 

0.351 

0.352 


Br. 


0.07 


0.06 


Cori'eetion  to  the  Ephemeris: 
in  a     -5»     ,     in  8     +2'.9 

As  the  observations  upon  which  the  orbit  is  based  were 
made  November  17,  24  and  December  1,  before  perihelion 
passage,  the  correction.s  to  the  present  ephemeris  will  not 
vary  rajjidly. 


Mt.  IlamUton,  Cal.,  1S96  Feb.  17 


ELEMENTS  AND   EPHEMERIS  OF   COMET  a  1896, 

By  a.  O.   LEUSCHXER   and   F.  H.  SEARES. 


The  following  elements  of  Comet  a  1896  were  deduced 
with  the  assistance  of  Mr.  F.  H.  Seares,  Fellow  in  Astron- 
omy, from  observations  made  at  Mount  Hamilton  by  Mr. 
C.  D.  Perrine  on  February  15.1,  16.0  and  17.0  Gr.  M.T. 
The  observations  were  kindly  telegraphed  to  the  Students' 
Observatory  by  Prof.  E.  S.  Holden. 

T  =   1896  Jan.  31.7943  Gr.  M.T. 

Q    =  208  47  49") 

M  =  358  20  12  -  Mean  Equinox  1896.0 
i  =  155  42  45  ) 
f/  =  0.58742 

For  the  middle  place  (0  — C)  : 

z/;.  coS(5  =    +0".5     ,     J^  =   -0".6 

University  of  California,  Students^  Observatory,  1896  Feb.  19. 


In  a  telegram  just  received,  Prof.  Holden  points  out 
that  these  elements  resemble  those  of  Comet  1855  II.  The 
following  ephemeris  was  computed  by  students  of  the 
University. 

X  =  [9.76025]  sin  (/;  + 241°  43  27)  sec- J  r 
y  =  [9.62659]  sin((;  +  320  30  22)  sec-Jr 
z   =    [9.62700]  sin  (/.  +  342  55  13)  sec-j  <' 


Gr.JI.T. 
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log  J 

Br. 

Feb.  18.5 

19  54  20.3 

+   8  45  52 

9.6383 

1.31 

22.5 

20  56  51.3 

26  58  37 

9.5778 

• 

26.5 

22  33  46.6 

43  37  21 

9.5989 

Mar.    1.5 

0  22  42.0 

50  59     2 

9.6817 

0.71 

NEW  ASTEROID. 

Prof.  Kreutz  has    communicated   the  position   of   another  asteroid,  found  photographically  by  Prof.  Wolf,   and 
announced  by  Mr.  Berberich  at  Berlin. 

CO  12>'  1896  Feb.  7  IP  38-.0 Heidelberg  M.T.,  «  =  10"10'"4»,  5=  +15°  28'.  Daily  motion, -60"  in  o,  and  6' northward. 
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COMET 

A  telegram  from  I'ruf.  Ki:rK<ii:i:  at  Kiel,  received  Feb.  14,   I 
brought  information  that  Perkink's  Comet,  c  lS;t.">,   liad 
been  observed  there  in  the  position 

1S96 Feb.  13.7088  Gr.M.T.,  «  =  19  44"'47".y ,  (^  =  --'°L'2'37" 

Tliis  position,  being  close  to  that  indicated  by  Mr.  Pkr-' 
rise's  ephemeris  in  J. •7.304,  was  therefore  not  reprinted. 
(Ju  =  -0"M     J8  =  +3') 

On  Feb.  1(),  a  dispatch  from  tiie  Liik  Observatory  an- 
nounced that  the  Kiel  comet  was  a  new  on*,  and  gave  a 
position  olfserved  by  Mr.  1'k.kkink. 

189G  Feb.  1O.08S9  Gr.M.T..  «  =  19"2l"r)7'9  ,  d  =  -2'49'l' 

either  later  positions  folU>wed  l>y  telegraph,  being  those 
given  in  ^Ir.  rEUKiNK.'s  coiuniunication  on  p.  .■>4  ;  and  im- 
mediately afterward,  the  Elements  and  Ephemeris  by  Messrs. 
LEitsciixKii  and  Seares.  These  arrived  after  no.  3C(>  had 
gone  to  press,  but  were  coiuiuunicated  at  once  to  Mr.  Ritciiik 
who  distributed  them  to  astronomers  in  the  •■  Srieiice  Ob- 
.serrer  "  Feb.  '20. 

It  was  thus  evident  that  two  different  comets  liad  been 
observed ;  and  an  observjition  of  the  second,  made  by  Dr. 
L.\Mi"  at  Kiel,  was  received  in  season  to  be  included  in  Mr. 
Ritchie's  circular. 

Since  tlieii,  no  observations  have  been  received  until  to- 
day :  and  this  number  of  the  Journal  has  been  delayed  by 
a  strong  desire  to  obtain  an  epiiemeris  which  should  be  free 
from  the  inevitable  uncertainty  of  one  dependent  upon  ele- 
ments deduced  from  observations  on  three  successive  days 
only. 

1890  February  28. 


CI  1806. 

In  reply  to  a  tclciiraiiliic  in<j\iiry  bj'  Dr.  Chandi.ei!.  an 
observation  by  Dr.  Wii..si>x  at  Northtield,  j\linii..  has  ikiw 
been  received. 

1896 Feb.  21.9885  Gr.M.T.,  u  =  2o"46"b9''.8  ,  d'  =  +24  30  C 

This  shows  the  epiiemeris  of  Leusciiner  to  have  been 
very  near  the  truth,  on  that  date,  the  difference.  0  —  C,  being 
-32*, and  +14'. 

Using  this  last  j)osition,  Dr.  Chamh.er  has  now  obtained 
from  Lick  observations  Feb.  14, 16,  and  Northtield  Feb.  21, 
the  new  elements  and  ejdiemeris  here  appended. 

T  =   1896  Jan.  13.76287 

a,  =  3r)S°22  28'.9) 

Si  =  208  r..")  51.7  ULEquin.  1896.0 

,'  =  L")  47  38.1  ) 

log'/   =  9.7687.")2 

For  middle  place  (C-0)     J),  cosf;  =  -3".4,     J^  =  -u".7 


Ephemeris  kor  Grekxwhh  Midxicht. 
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EPHEMERIS   OF   VARIABLES   OF   THE   ALGOL-TYPE, 

Greenwicli  Mean  Time, 
Bv     PAUL    S.     YENDELL. 
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JC^P/T^i^-PERTUKBATIONS    OF    CERES,    OF    THE    FIKST   OliDEK,   AND   THE 

DEKIYATION   OF   THE   MEAN   ELE:MENTS, 


By  G.  W.  hill. 


AUliou,L;h  ('errs  was  the  first  iliscovered  of  the  minor 
]ilanpts,  no  thorouglily  ade<iiiate  expressions  for  its  abso- 
hite  perturbations  have  ever  been  published,  and  the  ephem- 
erides  of  its  position  have  been  derived  by  the  method  of 
special  perturbations.  The  fullest  account  of  the  discovery 
of  this  planet  is  contained  in  a  paper  by  Lalande  (Com. 
Jcs  Temps  de  I'/innec  XIII,  pp.  453-465.)  It  is  there  stated 
that  BuRCKHARDT  Computed  the  perturbations  in  the  in- 
credibly short  space  of  two  days,  and  that  he  afterwards 
computed  tables  founded  upon  tliem.  I  have  not  been  able 
to  find  this  work  in  print,  and  perhaps  it  was  never  pub- 
lished. For  some  time  after  its  discovery  Gauss  busied 
himself  with  this  .planet  {Werk«,  Band  VI,  pp.  199-313). 
He  computed  no  less  than  thirteen  sets  of  elements,  and 
gave  analytical  expressions  for  the  perturbations  with  tables 
for  facilitating  their  computation,  but  did  not  go  beyond 
terms  of  the  first  order  with  respect  to  the  eccentricities 
and  mutual  inclination.  Damoiseau  (Com.  des  I'emjjs,  184G, 
Additions,  p.  32),  has  also  given  expressions  for  the  pertur- 
bations. But,  although  a  large  number  of  terms  are  com- 
puted, some  even  of  the  fifth  order  with  respect  to  the 
eccentricities  and  mutual  inclination,  the  individual  co- 
efficients do  not  seem  very  exact,  probably  because  only  the 
term  of  the  lowest  order  was  taken  into  account ;  and  the 
secular  motions  assigned  to  the  eccentricity  and  longitude 
of  the  perihelion  are  much  too  rapid.  These  are  the  only 
disquisitions  on  this  subject  I  am  aware  of. 

In  1874,  at  tlie  time  of  publishing  a  modified  form  of 
computing  absolute  perturbations  (Asti:  Nachr.Xio.l'dS'2), 
I  entered  into  an  engagement  to  illustrate  it  by  computing 
the  first-order  jierturbations  of  Ceres  by  Jiqiiter.  Con- 
siderable work  was  done  shortly  after,  but  otlier  occupations 
hindered  its  completion  at  that  time.  However,  I  have 
now  brought  it  to  a  conclusion,  and  tlie  results  are  liere 
presented. 

The  elements  of  Ceres  and  Jupiter  employed  as  the  basis 
of  the  work  are  the  following  : 


Epoch,  1S54  January  0''.0. 


n 

=  148  55  23.41 

■n' 

=  11  58  42.2 

^ 

=  80  50  50.79 

9.' 

=  98  56  38.3 

I 

=  10  37  8.54 

i' 

=  1  18  39.6 

f 

=   4  24  38.41 

<f' 

=  2  45  55.24 

M- 

=  7G9".()3875 

m' 

=  299".  1286 

(1 

=  0.00(10(1(10 

log  (iJ 

=  0.2737570 

Those  of  Ceres  are  on  the  authority  of  Ernest  Schubert 
{A.J.  Ill,  153-159,  162-165).  The  computations  were  car- 
ried through  with  the  stated  mass  of  Jupiter,  a  value  now 
antirpiated ;  but  this  imperfection  will  be  removed  at  the 
end,  when  the  final  results  will  be  changed  to  suit  a  more 
modern  value  of  tliis  constant. 

Erom  the  given  elements  result  the  following  values  of 
the  mutual  inclination  of  orbits  and  angular  distances  of 
tlie  perihelia  from  the  ascending  node  of  Juiiiter\'!  orbit  on 
tlie  orbit  of  Ceres: 

I  =  9°22'53".85,  //  =  250°34'28".01  .  /7' =  113°35';;o".69 

The  circuniference  being  divided  into  16  equal  jiarts  with 
reference  to  v,  the  true  anomaly  of  Ceres,  we  compute  the 
quantities  K,  K',  A  and  A'  for  each  of  the  points  of 
division  from  the  equations 

K^os{n'~A)     =  cos(y  +  /7) 

K  iim{n'  —  A)    =  cos  I  sin  ((•  +  r/) 

K'  cos  (77'—  A  ')  =  cos  I  cos  ( r  +  II) 

K'sm(n'-A')  =  sin  ((-  +  77) 

Let  f  and  J'  denote  the  mean  anomalies  severally  of 
Ce7'es  and  Ji/jJiter,  and  w'  an  angle  such  that 


r  =  '•■ 


'^c- 


■0+IC-' 


Then  the  circumference  is  divided  into  24  equal  parts  witli 
reference  to  ic'.  Let  ;■  and  /•'  denote  the  radii  of  Ceres  and 
Jupiter:  /;,,  double  the  areal  velocity  of  Ceres,  and  c' the 
true  anomaly  of  Jupiter.     We  compute  for  all  combinations 

(57) 


58 
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X^'-  308 


of  the  16  values  of  i;  with  the  24  values  of  «•',  the  four  fol- 
lowing quantities : 

A-  =   1+('^\-2K'^cos(v'+A) 

-v=p'-[i.-(p)"]'-"-"-"i. 


m     . 
-—  sm  I 
If 


r'  sm  (^i-' +  A') 
r'sin(r'  +  n') 


For  convonieni'e  the  tliree  last  are  exinessed  in  seconds 
of  arc.  For  about  two-thirds  of  the  values  of  ii-'  where 
Cures  and  Jupiter  are  quite  distant  froni  each  other,  differ- 


encing with  reference  to  *•  will  serve  as  a  test  of  their  cor- 
rectness. For  the  renuiining  values  of  ic'  they  must  be 
checked  by  a  duplicate  coniimtation. 

Mechanical  (puidratures  are  now  ai)j)lied  to  these  384 
values  of  X.  i'mul  Z,  first  with  reference  to  the  variable 
c,  and  tlicn  witli  ri'fcrence  to  the  variable  «■'.  After  these 
periodic  series  are  obtained  we  replace  «•'  by  O'—v,  so 
that  the  signitication  of  ()'  is  given  by  the  equation 

^^' =  :'+^'(-:) 

whence     — ,-     =    -.     The  general  aruuiucnt  of  these  series 

is  h^ +!'!>'.  ('and  /'  being  inlcgcrs.  Tlie  following  table 
gives  the  jicriodic  dcvclopnients  of  .\'.  3',  Z. 


Arg. 

X 

r 

z 

Arg 

X 

F 

z 

i       »' 

cos             sin 

cos           sin 

COS             sin 

i 

v 

cos 

sin 

cos           sin 

cos 

sin 

0        0 

-1-20.57678      .      .      . 

ff          1        f 
-1-  0.03455      .     .     . 

-1-  3.256 

n 

2 

—5 

—  0.0539 

-1-  0.1132 

-1-  0.29957 

-1-  0.71839 

—  0.994 

4-  0.505 

1         o_  i)34r.'.«—  0.64788—  0.13270-1-  0.0G894 

-13.41794 

—  4.48970 

3 

— " 

-1-  4.3150 

—  0.0108 

—  0.0302 

—  3.8565 

4-  2.941 

—  0.506 

2         0 0.11i>7 

—  0.9805    —  0.6521 

-1-  0.8212 

-1-  2  9068 

+   1.4303 

4 

-5 

—11.700 

—  2.142 

—  1.833 

-1-  8.855 

—  3.51 

—  0.69 

3         0  -f-  0.285 

-1-  0.439      -1-  0.348 

—  0.180 

—  0.311 

—  0.112 

5 

— 5 

-1-11. 155 

-1-  6.713 

-f  6.319 

-10.118 

4-  1.83 

+  0.48 

4         0 —  0.058 

—  0.081      —  0.027 

-1-  0.019 

-f-  0.018 

—  0.U12 

6 

— 5 

—  1.40 

—  013 

-f  0.16 

+  2.47 

—  0.71 

—  0.77 

5         0-1-  0.01 

-1-  0.01 

0.00 

000 

•     ■     ■ 

7 
8 

— 5 
— 5 

—  C.03 
-1-  0.04 

—  0.37 
-1-  0.17 

—  0.34 
4-  0.06 

-1-  0.05 
0.00 

4-  0.13 

4-  0.12 

—4     —1,-1-  0.016 

+  0  003 

0.000 

—  0.001 

.     .     . 

—3     —1-f-  0.124 

—  0.046 

-1-  0.014 

-1-  0.029 

0 

—6 

-1-  0.000 

—  0.005 

—  0.001 

—  0.001 

—2     — I  —  0.491 

+  0.270 

—  0.045 

—  0.201 

-1-  0.49 

-1-  0.07 

1 

— 0 

—  0.022 

-1-  0.020      —  0.006 

—  0.009 

4-'  0.028 

—  0.007 

1   —1     — Ij-I-  0.003 

—  0.540     1—  0.1 82 

-1-  0.561 

—  3.052 

—  0.,5'.)7 

2 

— 0 

—  0.041 

—  0.035 

—  0.009 

-1-  0.125 

—  0.239 

4-  0.028 

0     —1-1-  7.813 

+  4.209      -1-  1.056 

—  1.041 

-|-  9.640 

-1-  4.220 

3 

— fi 

-1-  0.7851 

—  0.0235 

-1-  0.2033 

—  0.8253 

4-  0.943 

4-  0.179 

1     —1—17.4732 

—  15.5278    —  4.3858 

+  4.8851 

—  4.254 

—  3.303 

4 

,; 

—  3.106 

—  1.950 

—  1.730 

-1-  2.910 

—  1.76 

—    1.09 

2—1-1-  3.476 

+  2.210      —  0.429 

—  0.244 

-1-  4.42 

-1-   7.85 

5 

-0 

+  5.01 

-1-  6.41       ;-t-  5.80 
_10.44        —  6.57 

—  4.58 

4-  1.35 

4-   1.71 

:i     _i        0.227 

+  1.202 

+  1.080 

—  0.082 

—  0.79 

—  1.77 

r. 

—6 

—  2.20 

-t-  1  90 

—  0.42 

—  O.7.S 

4     — H-  0.022 

—  0.524 

—  0.250 

—  0.000 

+  0.1 1 

-f-  0.12 

— 0 

-)-  0.59 

-1-  0.49        +  0.21 

—  0.51 

4-  0  05 

4-  0.58 

5     —1 

0.000 

-1-  0.070 

-1-  0.025 

—  0.001 

8 

—6 
—6 

—  0.13 
0.00 

-1-  0.21        -1-  C.19 
—  0.19        —  0.03 

-1-  0.14 
—  0.03 

—3     —2  -1-  0.024 

+  0.007 

—  0.004 

+  0.007 

—2     —2—  0.1.58 

—  0.o:">5 

-1-  U.OU 

-f-  0.022 

-I-'  0.01 ' 

-l-o.oo 

—  1     — 2-f-  0.498 

+  0.182 

—  0.193 

-1-  O.IU 

—  0.55 

—  0.55 

1 

— 7 

—  0.008 

-1-  0.001      -1-  0001 

-1-  0.001 

0     —21—  0.0673 

-1-  1.8213 

-1-  1.6813 

—  0.3220 

+  2.928 

-H  3.940 

2 

— 7 

-1-  0.017 

—  0  004 

—  0.008 

-1-  0.012 

—  0.037 

—  0.012 

1     _2—  3.5564 

—  17.5296 

—11.6928 

+  1.5478 

—  5.833 

—13.083 

3 

— 7 

-f-  0  0046 

-1-  0.0079 

-1-  0.0936 

—  0.1189 

4-  0.196 

4-  0.123 

2     —2-1-  4.7181 

-1-57.1832 

-f  49. 4221 

—  3.7845 

-f   1.106 

-1-  4.584 

4 

— 7 

—  0.495 

—  0  585 

—  0.6.54 

-1-  0.513 

—  0.466 

—  0.594 

3     —2—  1.713 

—  7.047 

—  3.678 

-1-  1.367 

-1-  1.15 

—  5.39 

5 

— 7 

+  0.890 

-1-  2.798 

-f-  2..i58 

—  0.857 

4-  0.39 

4-   1.32 

4     —2  -1-  0.849 

—  0.345 

—  0  518 

—  0.615 

—  0.30 

-)-  1.07 

G 

— 7 

+  0.35 

—  5  31 

—  4.90 

-1-   1.26 

4-  0.09 

—   1.2s 

5     —2—  0.21 

-I-  0.09 

-1-  0.14 

-1-  0.13 

7 

— 7 

—  1.73 

-1-  3.80 

-1-  3.47 

4-  1.67 

—  0.13 

4-  0.53 

fi     —2-1-  0.02 

—  0.04 

—  0.01 

—  0.01 

8 
9 

— 7 

—  0.10 
-f  0.13 

—  0.42 

—  0  07 

—  0.27 

—  0.02 

—  1.36 

—  0.16 

4-  0.21 

—  0.24 

—2     —3  —  0  025 

—  0.024 

0.000 

-f  0.001 

10 

—7 

—  0.02 

—  0.03 

—  0.02 

4-  0.02 

—1     — 3-F  0.133 

-1-  0.110 

—  0.036 

—  0.002 

—  0.01 ' 

—  o.ii  ' 

0     —3 —  0.3421 

-f  0.0131 

-1-  0.4117    -1-  0.0765 

-f  0.2.38 

+  i.09(; 

1 

— S 

—  0.001 

—  0.001            0.000 

0.000 

1     _3  -1-  0.9744 

—  3.0564 

—  3.11454 

—  0.70372 

—  0.151 

—  5.149 

2 

— 8 

+  0.0062 

-1-  0.0029  '—  0  0008 
4-  0.0028    -f  0.0190 

4-  0.0003 

—  0.002 

—  o!oo3 

2     —3 

—  6.7575 

-1-19.4914    -t-15.9989 

+  6.4363 

—  2.809 

-1-  8.918 

3 

—8 

—  0.0062 

—  0.01.50 

4-  0.025 

4-  0.035 

3     —3 

-f  22.208 

—29.430      —26.060 

—20.161 

-1-  1..52 

—  2.94 

4 

— 8 

—  0.0267 

—  0.1307    —  0.1593 

4-  0.0433 

—  0.082 

—  0.184 

4  —3 

5  —3 

—  3.486 

—  0  71 

-1-  4.038 
—  0.10 

-(-  2.478 
-t-  0.08 

—  0.526 
+  0.65 

—  2.i;i 

-f-  0.51 

-1-  1.89 
—  0.30 

5 
6 

—8 
—8 

—  0.042 
+  0.87 

-1-  0.759      -1-  0.073 
—  2.00        —   1  87 

4-  0.025 
—  0.79 

—  0.03 
4-  0.38 

4-  0.56 
—  0.81 

6     —3 

-1-  0.21 

—  0  03 

—  0.02 

—  0.13 

7 

—8 

2.42 

4-  2.38       I-l-  2.20 

4-  2.25 

—  0.52 

4-  0.57 

7     —3 

—  0.03 

+  0.02 

0.00 

-1-  0.01 

•     •     ■ 

8 

— s 

-1-  2!  12 

—  0.93 

—  0.84 

—  1.96 

4-  0.27 

—  0.18 

1 
—  1      —4-1-  0.012 

-1-  0.038 

0.000 

-1-  0.003 

. 

>     ■ 

9 
10 

—8 
fl 

—  0.08 

—  0.10 

+  0.19 
+  0.03 

-1-  0.23 
—  0.10 

—  0.03 
4-  0.08 

0     —4  —  0  053 

—  0.U6 

-f  0.050 

4-  0.039 

—  0.07 

-1-  0.10 

1     -i  -1-  0.3645  ;+  0.2471 

—  0.4400 

—  0.3832 

-f-  0.4.i4 

—  1.149 

2     — 1-  3.1579    -1-  3.2819 

-1-  2.9094 

-f-  2.7147 

—  2.508 

-1-  3.174 

2 

—9 

+  0.001 

-1-  0.001            0.000 

0.000 

3     —4-1-14.084      —8.344      —7.349 

—12.076 

-1-  5.07 

—  3.00 

3 

—9 

—  0.0032 

—  0.0045    -1-  0.0018 

4-  0.0004 

4-  o.'ooi 

+  o!oofi 

4     —4!— 21.880     1+  4.199 

-f-  3.532 

-M9.926 

—  2.05 

+  0.81 

4 

—9 

-1-  0.0050 

—  0.0103  \—  0.0203 

—  0.0040 

4-  0.002 

—  0.044 

5     —4 

+  2.15 

—  1.28 

—  1.04 

—  1.15 

-f-  1.86 

-1-  0.15 

5 

—9 

—  0.068 

-1-  0.133 

-t-  0.151 

4-  0.065 

—  0.06 

4-  0.16 

0     —4 

-1-  0.35 

-f-  0.40 

-f-  0.3" 

—  0.36 

—  0.34 

—  0.02 

6 

—9 

-1-  0.44 

—  046 

—  0.46 

—  0.41 

4-  0.28 

—  0.28 

7     — I 

—  0.13 

—  0.07 

+  0.01 

—  0.08 

. 

7 

—9 

—  1.41 

-f-  0.66 

-1-  0.67 

4-  1.31 

—  0.52 

4-  0.22 

1 

8 

—9 

-1-  2.14 

—  0.10 

—  0.08 

—  3.11 

4-  0.44 

—  0.03 

—1     —5 

—  0.002     I-l-  0.007 

'+  0.001 

0.000 

9 

—9 

—   1.20 

—  0.40 

—  0.35 

4-  110 

—  0.19 

—  0.03 

0    —5 

+  0.0092  1—  0.0365 

4-  0.0001 

-1-  0.0052 

—  0.015 

-f-  0.00!t 

10 

—9 

-1-  0.08 

—  0.01 

—  0.18 

4-  1.06 

1     —5 

+  0.0166  i-l-  0.0640  ,—  0.0400 

—  0.0846 

I-l-  0.163 

—  0.154 

11 

—9 

+  0.11 

—  0.02 

-1-  0.17 

4-  0.05 

:  :  : 
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Arg. 

X 

] 

' 

Z 

Arg. 

X 

Y 

z 

i            !' 

COS 

sin 

cos 

sill 

cos 

sin 

I        V 

COS             sin 

cos 

sin 

cos 

sin 

3  —10 

o!oooo 

—  00006 

—  o"o002 

+  0.0001 

" 

" 

4  —11 

—  0  0008 

+  0.0008 

0.0000 

—  0.0001 

// 

" 

4  —10 

+  0.0001 

+  0.0022 

—  0.0025 

+  0.0018 

-f  0.003 

—  0.007 

5  — 11 

—  O.OOOG 

—  0.0004 

+  0.0015 

+  0.0039 

—  0.007 

+  0.003 

5  —10 

—  (1.0149 

+  0  0122 

+  0.0173 

+  O.OUG 

—  0.028 

+  0.030 

G  —11 

+  0.024 

—  0.023 

+  0.001 

—  0.031 

-f-  0.04 

0  00 

G  —10 

+  0.129 

—  0.0G2 

—  0.018 

—  0.135 

4-  0.12 

—  O.OG 

7  — 11 

—  0.13 

—  0.03 

+  0.09 

-I-  0.13 

—  0.10 

—  0.03 

7  -10 

—  0.51 

+  0.18 

+  0.U5 

+  0.48 

—  0.28 

+  0.02 

8  —11 

+  0.31 

+  0.14 

+  0.21 

—  0.31 

+  0.15 

+  0.11 

8  —10 

+  1.02 

+  0.30 

+  0.28 

—  0.9G 

+  0.34 

+  0.11 

9  —11 

—  0.38 

—  O.GO 

—  0.58 

+  0.35 

—  0.11 

—  0.19 

9  —10 

—  0.98 

—  0.80 

—  0.77 

+  0.93 

—  0.22 

—  0.13 

10  —11 

+  0.13 

+  0.79 

+  0.73 

+  0.32 

10  —10 

+  0.32 

+  0G2 

+  0.52 

—  0  35 

11   —11 

4-  0.16 

—  0.36 

—  0.32 

+  0.03 

11  —10 

+  O.OG 

—  0.05 

+  0.10 

+  0.19 

• 

12  —11 

—  O.IG 

—  0.10 

+  0.07 

—  0.70 

18  —11 

+  0.22 

+  0.20 

—  0.16 

+  0.24 

•     •     • 

X+Y\,h 


In  order  to  pass  from  tlie  values  of  these  three  functions 
to  the  expressions  of  the  perturbations  of  the  three  coordi- 
nates, it  is  necessary  to  derive  first  the  function 

fe  sin  (' 
T  =  X+2fr^  +  2r^jr--  (- 

where  p  denotes  the  send -pnS-a  meter  and /'is  the  arl)itraiy 
constant  which  completes  the  integral  of  the  expression. 
To  discover  the  value  of  the  latter,  let  A'  contain  the  terms 

B„  +  7?,  cos  /• 
and  T,  without  the  addition  of     2/V^     the  terms 
Then  A„  +  A^  cos  c 


/ 


1 


1 


A^  =  +20".96790 


A  = 


ZA^  +  B,+  -,  (;3.-(,  +  i.\)  +  tan  ^  cos^  ^^ .  A,\ 

In  the  present  case  we  have 

B^  =  +2()".5767S  , 

12".75542     ,     7?,  =  -9".34693, 
consequently 

/  =    -13".GS833 
The  perturbations  of  the  radius,  of  the  orbit-longitude, 
and  a  latitude  referred  to  the  plane  of  the  primitive  orbit, 
are  then  given  by  the  equations 

6'c   =  j'T  ■&Vi\(v  —  r')  dc 

d).  =  f  fYdv-2  -'-' 


dv 


8^  =  fZsin(^u  —  v)dv 


where  v  denotes  a  i>  invariable  in  the  integration  which 
afterwards  is  to  be  made  equal  to  v. 

In  integrating  the  perturbation  of  the  radius  Sr  contains 
the  portion 

7v  "'  cos  ('  +  A'"'  sin  v 

depending  on  arbitrary  con.'<tants.  In  order  to  make  the 
terms  involving  the  argumefit  c  disappear  from  the  pertur- 
bation of  the  orbit  longitude  S).,  we  must  put 

A'"'  =  +3".(59S8     ,     A'"'  =  +0".4188 

After  the  integration  is  accomplished  we  substitute  for 
the  V,  which  appears  as  a  multiplier  of  coefficients,  its  value 
given  by  the  infinite  series 

V   =   nt  +  £",  sin  c  —  i  E„  sin  2w  +  J  E^  sin  3f  — .  .  . 
where 

^,  =  2(i  +  .vr^o(r-K;i^ 

Before  the  integration  was  performed  it  was  discovered 
that  the  fi  of  the  osculating  elements  for  1854  Jan.  1  differed 
widely  from  the  mean  value.  In  integrating,  therefore, 
tlie  value  fi  =  770".7r)  was  assumed,  and  the  mass  of 
Jupiter  was  put  at  lo^KsBs-  ^^'^  following  table  gives 
the  expressions  for  the  perturbations,  those  of  the  com- 
mon logarithm  of  the  radius  being  in  units  of  the  seventh 
decimal : 


Arg.                          U 

8(lo 

jr) 

8/i                   1 

Arg. 

Sa 

8(logr) 

80 

i        i' 

sin 

cos 

cos 

sm 

sin 

cos 

i        i' 

sin            cos 

cos              sin 

sm      cos 

0      0 

n 

// 

—  138.3 

ri 

+  2^75 

— 1  —3 

—    0.01 

—     0.09 

—       0.2 

+       2.2 

+  0.03 

0.00 

+       0.4127n« 

0  —3 

+     1.27 

—     8.76 

+     16.3 

+  103.G 

—  3.09 

—  0.G7 

1       0 

+     68.0 

+ 

9.3 

1  —3 

+  10.G2 

—  65  53 

—     30.7 

+  313.4 

—  5.30 

—  0.16 

—     1.01940n« 

—     6.51277r« 

+     10  7318n« 

G8.5GS8n« 

—  6.72591)ie 

+  2.25052»« 

2  —3 

+  143.46 

+396.34 

—1343.5 

+3689  0 

+29.64 

—  9.54 

2      0 

—      1.05 

+     0.77 

+     13.8 

+ 

12.1 

—  0.31 

—  0.45 

3  —3 

+  29.57 

+  43.22 

—  455.6 

+  685.5 

+  1.24 

—  0.64 

—     O.OVMiOnt 

—     0.12522n£ 

+       0.4127n« 

2.6364n,i 

. 

4  —3 

+     0.06 

—     0.48 

+       0.3 

—       5.0 

—  0.27 

+  0.37 

3      0 

+     O.OG 

—     0.09 

—       0.9 

— 

1.5 

+  0.01 

+  0.02 

5  —3 
G  —3 

—     0.09 
+     0.01 

—     0.01 
0.00 

4        1-9 
—       0.2 

—       03 
0.0 

+  0.03 

—  0.04 

—3  —1 

—     0.01 

0.00 

—       0.2 

+ 

0.1 

r 

—2  —1 

-f-     0.14 

+     0.05 

+       2.7 

0.9 

—  0.01 

—  0.10 

0  —4 

+     0.09 

—     0.10 

+       1.8 

+       1.3 

—  0.1] 

+  0.05 

— 1  —1 

—     0.54 

—      118 

—       3.6 

+ 

18.G 

+  0.65 

+  3.95 

1   —4 

+     3.45 

+     1.61 

+     12.7 

—       0.9 

—  1.66 

-|-  0.65 

0  —1 

+  41.31 

—  29.74 

+   124.2 

+ 

92.8 

+  4  99 

+  11.38 

2  —4 

+  51.89 

+  65.22 

—  308.5 

+  377.4 

+  3.98 

—  3.22 

1  —1 

+  1G2.88 

— 14G.19 

—1133.5 

—1017.4 

—  5.39 

—  6.82 

3  —4 

+  44.38 

+  28.87 

—  588.3 

+  386.4 

+  2.75 

—  4.G4 

2  —1 

-1-     7.35 

—     5,09 

—  123.1 

— 

89.2 

—  4.92 

—  2.77 

4  —4 

—     8.99 

—     1.36 

+  145.G 

—     19.8 

—  0.16 

+  0.41 

3  —1 

+     0.07 

—     0.47 

—       1.5 



8.6 

+  0.30 

+  0.14 

5  —4 

+     0.15 

+     0.17 

—       2.1 

+       3.0 

—  0  01 

—  0.17 

4  —1 

0.00 

+     0.05 

0.0 

+ 

1.0 

—  0.01 

—  0.01 

6  —4 

+     0.03 

—     0.03 

-       0.7 

—       0.5 

0.00 

+  0.02 

—2  —2 

+     0.01 

—     0.01 

+       0.3 

+ 

0.1 

—  0.01 

0.00 

0  —.5 

+     0.44 

+     0.27 

+       9.0 

—       5.5 

0.00 

+  0.01 

—  1  —2 

—     0.22 

—     0.85 

—       3.4 

+ 

17.1 

+  0.26 

+  0.25 

1  —5 

+  21.22 

+   13.45 

+  209.2 

—  132.7 

—  1.34 

+   1.41 

0  —2 

+     5.10 

—  44.13 

+     37.3 

+ 

337  8 

+  9.95 

+  7.38 

2  —5 

+297.15 

+  193.91 

—  313  6 

+  174.6 

+  0.57 

—  1.00 

1  —2 

+  107.73 

—600  51 

—  32G.S 

— 19G6.3 

—13.81 

—  6  IG 

3  — 5 

+  184.80 

+  45.15 

—2022.8 

+  497.3 

+  4.14 

-24.06 

2  —2 

+  43.06 

—514.81 

—  522.1 

—6206.4 

—  9.23 

—  2.23 

4  —5 

—     4.64 

+     2.30 

+     55.2 

+     40.5 

-1-  0.21 

+  1.09 

3  —2 

—     0.26 

—     5.05 

—       0.4 

__ 

135.8 

+  1.37 

—  0.29 

5  —5 

+     2.38 

—     1.51 

—     41.8 

—     26.9 

—  0  06 

—  O.IG 

4  —2 

+     0.13 

+     0  15 

—       2.4 

+ 

3.3 

—  0.11 

+  0.03 

6  —5 

—     0.21 

—     0.02 

+       2.6 

—       0.5 

+  0.05 

+  0.05 

5  —2 

—     0.01 

—     0.01 

+       0.3 

0.2 

.     .     . 

7  —5 

0.00 

+     0.02 

+       0.1 

+       0.4 

0.00 

—  0.01 
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Arg. 

S-A 

S(lo 

sr) 

SP 

Arg. 

& 

1 

8  (log)-) 

Sfi 

1 

t' 

Sill 

(■O."! 

oos 

sin 

Min 

cos 

i        »' 

sin 

COS 

cos 

sin 

sin 

COS 

1 

— C 

4-  008 

+0.07 

+  11 

—  0.9 

+0.01 

— o"o4 

3  —  9 

—0.01 

—0.01 

__ 

0.1 

0.0 

+o''oi 

0.00 

2 

— G 

+  0.15 

+0.24 

+    4.5 

—  0.5 

+0.03 

—0.27 

4  —  9 

—0.02 

—0.33 

+ 

02 

—  2.3 

—O.OG 

0.00 

3 

—6 

—12.82 

+1.02 

+103.  fi 

+10.4 

+*83 

+1.72 

5  —  9 

—0.16 

—0.39 

+ 

2.0 

—  5.1 

—0.12 

+0.0.-. 

4 

—6 

—  o.Cl 

+3.05 

+  80.4 

+42.8 

+0.61 

+0.98 

G  —  9 

+0.17 

+0  19 

2.7 

+  3.0 

+0.05 

—0.05 

;> 

—6 

+  l.CO 

—2.03 

—  2C.8 

—34.2 

—0.28 

—0.22 

7  —  9 

—0.21 

—0.11 

+ 

3.8 

—  1.9 

—0.02 

+0.05 

•: 

— C 

—  0.27 

+1.08 

+    4.8 

+23.0 

+0.06 

+0.03 

8  —  9 

+0.23 

+0  01 

8.7  • 

+  0.1 

0.00 

—0.02 

i 

—6 

+  0.04 

—0.01 

—    0.7 

—  0.1 

—0.03 

0  00 

•.)  —  i) 

— O.OG 

+0.02 

+ 

I.l 

+  0.4 

0.00 

+0  01 

8 

—6 

—  0.01 

—0.01 

+     0.1 

—  0.2 

.     .     . 

.     .     . 

10  —  9 

—0.03 

0.00 

+ 

0.2 

0.0 

2 

y 

—  0.15 

+0  17 

—     1.0 

—  1.1 

—0.02 

—0.08 

3  —10 

+0.0G 

—0.02 

+ 

0.6 

+  0  2 

3 

—7 

—  3  ca 

+2.37 

+  15.3 

+10.G 

+0.13 

+0.21 

4  —10 

+0.G1 

—O.Hi 

0.9 

—  0.4 

-0.01 

0.00 

4 

—7 

—  3.43 

+3.80 

+  42.1 

+46  0 

+0.92 

+0.72 

5  —10 

—0.17 

—0.30 

+ 

1.9 

—  3.3 

—0.12 

+0.11 

o 

—7 

+  0.4(! 

—1.42 

—     7.0 

—22.4 

—0.31 

—0.09 

6  —10 

+0.09 

+0.02 

— 

1.3 

+  0.3 

+0.02 

—  0.03 

6 

— i 

—  0.14 

+0.95 

+     0.9 

+  17.0 

+0.13 

—0.01 

7  —10 

— O.U 

—0  02 

+ 

1.8 

—  0.5 

0.00 

+0.03 

7 

—7 

—  O.IC 

—0.33 

+     3.1 

—  G.2 

—0.03 

+0.01 

8  —10 

+0.10 

—0.03 

— 

1.9 

—  0.5 

—0.01 

—0.02 

8 

—  i 

+  0.05 

+0.01 

—     0.3 

+  0.3 

+0.01 

+0.01 

9  —10 

—O.OG 

+0.05 

+ 

1.1 

+  0.9 

0.00 

+0,01 

i    y 

—  I 

+  0.01 

0.00 

—     O.I 

+  0.1 

.     .     . 

10  —1(1 

+0.01 

—0.02 

— 

0.2 

—  0.4 

2 

—8 

—  0.24 

+0.10 

—     2.8 

—  1.1 

+0.01 

+0  01 

4  —11 

0.00 

—0.01 

3 

—8 

—  2.90 

+0.92 

—     4.7 

—  2.9 

+0.04 

+0  03 

5—11 

+0.04 

+0.01 

— 

0.3 

+  0.1 

+0.01 

—0.02 

4 

—8 

+  1.11 

—4.17 

—  11.0 

—41.2 

—0.93 

—0.41 

1!  —11 

+0.04 

+0.01 

— 

O.G 

+  0.3 

0.00 

—0.02 

5 

—8 

+  O.Ul 

—0.83 

—     0.4 

—12.7 

—0.22 

+0.01 

7  —11 

—0.04 

—0.02 

+ 

0.7 

—  0.1 

0.00 

+0.02 

6 

—8 

+  0.22 

+0.51 

—    3.7 

+  8.8 

+0.11 

—0.0.5 

8  —11 

+0  04 

—0.02 

— 

0.7 

—  0.4 

—0.01 

—0.01 

7 

—8 

—  0.27 

—0.27 

+    5.1 

—  5.0 

—0  04 

+0.04 

9  —11 

—0  03 

+0  04 

+ 

0  5 

+  0.8 

+0.01 

+0.01 

8 

—8 

+  0.13 

+0.06 

—     2.C 

+  1-1 

+0.01 

—0.01 

10  —11 

—O.Cl 

—0.03 

0.0 

-  0.7 

9 

—8 

0.00 

—0  01 

0.0 

—  0.1 

11  —11 

12  —11 

0.00 
+0.01 

+(1.01 
0.00 

— 

0.1 

+  0.2 

In  (inler  to  arrive  at  mean  elements  for  Ceres,  as  well  as 
to  see  how  clo.sely  the  preceding  jiertnrhations  were  capable 
of  rejiresenting  the  heliocentric  coordinates  of  tlie  planet, 
10  normal  j)()sitions  were  formed  for  tlie  times  of  as  many 
oppositions  from  material  as  follows  : 

Opposition  of  1802  —  Derived  from  4  observations  at  Green- 
wich on  ]Mar.6,  14,  18,  25. 

"  '■    1807  — Derived  from  Gauss's  7r<;r/.-e,VI,299. 

"  "    1830  — Derived  from  5  observations  at  Green- 

wich on  Aj.r.  27,  28.  30;   ]\ray  1,  3. 

"  "    1857  —  Derived  from  4  observations  at  Green- 

wich on  Feb.  16, 24,  26,  28. 

"  "    1863  —  Derived  from  5  observations  at  Green- 

wich on  July  6,  9,  10.  16.  18. 


Opposition  of  1866  —  Derived  from  3  observations  at  Green- 
wich, 1  at  Paris  on  Jan.  22,  23,  24  ; 
Feb.  2. 

'<  "    1873  —  Derived  from  t  observations  at  Green- 

wich, 3  at  Paris  on  Sejjt.  19,  20,  23, 
26,27;  Oct.  2,  6. 

"  "    1883  —  Derived  from  8  observations  at  Green- 

wich on  Nov.  23,  26,  27,  29;  Dec.  4, 
5,14,15. 

"  "    1885 — Derived  from  eleven  observations  at 

Greenwich  on  Mar.  27,  28,  30,  31 ; 
Apr.  2,4,  6, 11, 16, 17,18. 

"  "    1890  —  Derived  from  7  observationsat  (Jreen- 

wichon  May  14,15,21,22,23,24,26. 

Till'  iionnals,  with  certain  additional  data,  are 


Greenwich  M.T. 


17.1.5072 
.14789 
30.;!2003 
13.77639 


1802  >rar. 

1807  .Mav 

1830  Apr. 

1857  Feb. 

1863  July  16.1(;898 

1866  Jan.  20.79681 

1873  Sept.  23.34662 

1883  Dec.  6.86562 

1885  Apr.  2.34757 

1890  May  1 7.37448 


IIcl.  L 

ong. 

SI.E 

.  of  Date 

176 

21 

32.3 

222 

13 

63.8 

219 

55 

21.2 

145 

34 

58.1 

293 

33 

38.9 

121 

5 

35.9 

0 

51 

22  7 

74 

57 

7.3 

193 

15 

32.4 

236 

51 

47.4 

Geoc.  Lat. 


+  17 

7 

57.2 

+  10 

40 

15.9 

+  11 

11 

24.4 

+  15 

36 

20.0 

-  8 

49 

22.5 

+  11 

9 

43.7 

-15 

45 

57.5 

-   1 

44 

29.6 

+  15 

51 

21.8 

+   6 

53 

49.4 

Log.  Eartli's  Radius 

9.90.S2161 
0.00;>.S415 
(».()( I.'!520.S 
9.9947561 
0.0070483 
9.9931177 
0.0011276 
9.9933823 
0.0001720 
0.0051454 


27 

•>•> 

46.0 

72 

47 

;;.(■) 

70 

37 

38.6 

357 

15 

27.9 

144 

41 

38.8 

332 

20 

44.7 

211 

24 

17.1 

285 

41 

43.1 

43 

6 

40.2 

86 

39 

46.0 

9' 


Slogr 


8/3 


8a 


8ios 


Sfi 


1802 

139  25     1.0 

+  22  36.9 



5035 

-  3.3 

1866 

274     6  12.9 

+  12  23.9 

-10719 

-43  4 

1807 

296  45  40.8 

+  24  .33.2 

+ 

7507 

+  59.9 

1873 

146  35  49.7 

+  11  13.2 

—   6087 

-10.4 

1830 

274  31     6.4 

-   1     7.6 

+ 

8938 

+  58.6 

1883 

94  51   25.5 

+       26.1 

-   8011 

-69.5 

1857 

4  20  30.5 

-17     5.9 



6064 

-34.8 

1885 

140  26     1.5 

+  22  49.0 

+   1114 

+  22.6 

1863 

201  16  52.6 

+  11  56.4 

+ 

6398 

+  23.9 

1890 

297     3     7.8 

+  15  32.9 

+  9161 

+  77  9 
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'riie  F.((rtli\t  radius  i.s  corrected  for  its  latitiule  accord- 
in;-;'  to  till'  precept  of  Gauss  (^Thc.orla  Motus,  Art.  72.)  To 
t)'  are  atlded  the  lou;4-iieriod  inequalities  of  the  mean  longi- 
tude of  Jiipitrr.  The  values  of  the  perturbations  given  in 
the  last  coUunus  contain  only  tlu!  periodic  terms ;  that  of 
log  ;•  is  in  nnits  of  the  seventh  decimal.  The  terms  due  to 
the  action  of  Mars  and  Saturn  were  computed  from  the 
formulas  of  Damoiseau. 

The  secular  jjerturbations  through  the  action  of  Mars, 
Jtipiter  and  Saturn  were  computed  by  the  metliod  of  Gauss, 
the  values  of  the  attracting  masses  being  severally  555^^55  , 
totKtt.i.ti  ssi^T.ir-  '^^^^  results  obtained  are  annexed  to  the 
following  system  of  elements,  which  is  that  compared  with 
the  foregoing  normals.  The  secular  motions  of  tt.  Q,  and  / 
include  the  effect  of  ])recession  and  motion  of  the  eclip- 
tic. The  adojjted  value  of  genera-l  precession  for  1850  is 
50".2o787. 

Epoch,  1850  Jan.  0.0  G.M.T. 

L  =  309°  30  36!7 

n  =  148  23  18.1  +  106.6658? 

gi  =  80  50  45.0      —4.9064/' 

i  =  10  37  10.1      _  0.5676 /- 


e  =   0.0784500-0.0000033347/' 
ju,  =   770".72275 
log//    =   0.  I  I2<i721 

The  residuals  left  by  tin;  coniparison  of  these  elements 
with  tlic  mirnuds  are  (Obs.  — (Jal. ). 


llel.  Lon;;. 

(Jeoo.  Lat. 

llel.  Long. 

Geoc.  Lat 

1802 

+  50.0 

-  6.2 

1866 

IT 

-  41.9 

+  24.7 

1807 

+  64.5 

-36.5 

1S73 

+  1.4 

+  21.2 

1830 

-  8.7 

-30.6 

1883 

-  86.1 

+  29.3 

1857 

-112.3 

-  3.0 

1885 

-132.2 

-  9.7 

1863 

-  3.1 

-31.2 

1890 

-  43.4 

-41.0 

The  equations  of  condition  for  correcting  the  a.ssunicd 
elements  follow.  The  final  terms  of  those  which  arise 
from  the  longitudes  are  made  to  be  residuals  in  geocentric 
longitude  multiplied  liy  the  cosine  of  the  geocentric  lati- 
tude. For  convenience,  40  Julian  years  is  the  unit  of  time 
for  8h;  and  logarithms  are  written  in  place  of  the  coef- 
ficients and  final  terms. 


Si 

Sii 

8e 

eSn- 

8/ 

sin  i&Q, 

1802 

0.2672 

0.3445//. 

0.2115 

0.4953m 

8.4470 

9.1(;57m 

1.8909m 



0 

1807 

0.2183 

0.2463// 

0.4881 

0.0219// 

9.1591 

8.4948 

2.0072m 



0 

1830 

0.2218 

9.9136// 

0.4832 

0.0777// 

9.1053 

8.2980 

1.1371 



0 

1857 

0.2752 

9.5258 

9.1437// 

0.5506» 

9.0604m 

8.9829m 

2.2512 



0 

1863 

0.1233 

9.6528 

0.2255 

0.3470 

9.1107W 

8.7008 

0.0714 



0 

1866 

0.2651 

9.8687 

0.2068// 

0.49()5// 

9.1098m 

8.3081 

1.8201 



0 

1873 

0.1189 

9.8921 

0.1796// 

0.3641 

8.0749 

9.11()3// 

0.3141m 



0 

1883 

0.2123 

0.1409 

0.4831;/ 

0.0063m 

8.4786 

9.1571 

2.1329 



0 

1885 

0.2557 

0.2008 

0.3524 

0.4166// 

9.0183 

9.0255m 

2.;;i9] 



0 

1890 

0.2006 

0.2047 

0.4968 

9.5788« 

9.0397 

8.9905 

1.8.349 

= 

0 

1802 

8.6001//. 

8.6774 

9.1570 

9.1793 

0.2006 

9.1811 

0.7924 

0 

1807 

9.3875/t 

9.4155 

9.6191// 

9.4182 

9.9952 

0.0921 

1.5023 



0 

1830 

9.3S48?i 

9.0766 

9.5902// 

9.44S9 

0.0162 

0.0778 

1.4857 



0 

1857 

9.1716 

8.4222 

9.2357 

9.4509// 

0.1008 

9.8347m 

0.5503 



0 

1863 

9.3113m 

8.8408/i 

9.3040m 

9.5934// 

9.9144m 

0.1000 

1.4942 



0 

1866 

9.4239 

9.0275 

9.0576m 

9.702;!//. 

0.0101 

O.OSSIm 

1.3927// 



0 

1873 

8.5640 

0.0.  >l  l> 

8.7992 

9.1512 

0.1667m 

9  4141m 

1.3203m  ■ 



0 

1883 

9.4808 

9.4094 

9.7573/i 

9.2342m 

9.2080m 

0.1950m 

1.4e09M 



0 

1885 

9.13.33m 

9.0784// 

S.42S2M 

9.4843 

0.1678 

9.7837 

0.9808 



0 

1890 

9.4417k 

9.4458// 

9.7255// 

9.1310 

9.8009 

0.1592 

1.0191 

= 

0 

With  equal  weights,  these  20  equations  produce  the  normal  equations 


8£ 

8» 

8e 

e&7T 

8/ 

s)n  ;  8Q 

28.232 

+  3.028 

+  14.472 

-23.316 

-  0.031 

-  2.473 

+  826.0 

— , 

0 

+  3.028 

+  17.398 

-  8.914 

+  2.845 

+  0.014 

-  0.301 

+  1068.6 

— - 

0 

+  14.472 

-  8.914 

+  54..309 

-10.240 

+  0.716 

-  1.270 

-  286.3 

— _ 

0 

-23.310 

+  2.845 

-10.240 

+  53.884 

+  0.405 

+  2.198 

-1179.9 



0 

-  0.031 

+  0.014 

+  0.716 

+  0.465 

+  13..300 

+  1.850 

+  95.5 



0 

-  2.473 

-  0.301 

-  1.276 

+  2.198 

+  1.850 

+  11.057 

+  265.5 

— - 

0 

Their  solution  gives  the  corrections   and   corrected   elements: 
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SL 

-4" 

3 

'V 

= 

-0" 

.004474 

8e 

= 

-0" 

00000145 

»n 

— 

+  5' 

14".4 

Si 

^ 



3".9 

QS 

= 

—  2' 

39".4 

Epoch  1850  Jau.  C.O  G.M.T. 


L 

= 

309  30  32.4 

n 

= 

148  28  32.5 

9, 

= 

80  48  5.6 

1 

=s 

10  37  6.2 

e 

= 

0.07S44855 

h 

= 

770".7 18276 

1().'  (( 

= 

0.4420738 

ITel.  Long. 

(ieoc.  Lat. 

llol.Ijong. 

Geoc.  Lat 

1802 

+  10.0 

+  3.7 

1S66 

+  41.4 

+  13.2 

1807 

+  13.9 

+  13.0 

1873 

-  1.8 

+  9.5 

1830 

-18.1 

+  8.3 

1883 

-  6.3 

+  4.7 

1857 

-40.2 

-  8.6 

1885 

-22.0 

-  0.1 

1863 

-15.0 

+  7.3 

1S90 

+  36.0 

-19.7 

The  'residuals  left  by  this  solution  in  heliocentric  lougi- 
t;ide  and  geocentric  latitude,  as  they  result  lidui  the 
equations  of  condition,  arc  (Obs.-Calc), 


They  are  larger  than  one  would  he  inclined  to  attribute 
to  the  neglect  of  the  8<iuare  of  the  disturbing  force.  How- 
ever, tlie  derived  mean  elements,  on  account  of  tlie  long 
period  of  time  embraced,  will  liave  some  value. 


KlOi.ATlVE    POSITIONS   OF    TETIIYS  AND   lUlEA, 

OBSEKVKI)    WITU    Till:    •i'l-IMIl    KKIIC-VC 1  111!    OF   TlIK    l.EAXDER    MCCORMKK    OBSERV-VTOKY    OF   THE    IXIVEliSlTV    (IK    V1I1<;1.M.\, 

Hv  OKMOXD  STOXE. 

The  angles  here  given  are  each  the  mean  of  two  com- 
jiarisons;  the  distances  were  obtained  from  measures  of 
ilouble  distances.  Corrections  have  been  applied  for  re- 
fraction. 


1894 

Kasleni  Time 

P 

Kastern  Tiiiie 

s 

.Mar. 

13 
19 

li   in   s 

14  34  25 
16  49  48 

265^^15 
78.22 

ii   111   b 

■     ■ 

21 

11  48  50 

252.80 

12  6  28 

24.39 

12  58  20 

251.48 

12  11  22 

23.96 

23 

13  1  51 

58.99 

13  10  7 

56.18 

26 

11  6  52 

261.68 

12  4  8 

120.76 

27 

10  19  0 

3.30.36 

10  40  31 

20.14 

30 

10  30  11 

256.20 

10  56  2 

76.74 

Apr. 

6 

9  43  26 

83.83 

9  50  26 

54.59 

10  0  26 

84.24 

9  56  13 

54.89 

8 

10  30  26 

11  15  6 

232.98 
238.23 

10  51  26 

52.41 

14 

13  28  21 

279.72 

13  56  59 
13  58  43 

90.46 
89.86 

16 

15  24  42 

93.84 

15  36  30 
15  38  25 

30.84 
30.67 

26 

8  27  52 

149.(;4 

8  48  36 

8.94 

27 

9  5  21 

263.10 

9  12  10 

108.65 

9  IS  33 

263.15 

9  13  35 

108.57 

29 

13  43  30 

84.49 

13  52  36 

36.70 

14  2  1 

84.28 

13  54  34 

36.35 

30 

l.-.  57  33 

104.26 

14  3  39 

70.46 

14  12  57 

104.92 

14  5  19 

70.40 

May 

1 

8  50  4 

259.73 

. 

3 

7  54  55 

316.89 

8  2  37 

21.14 

8  9  50 

319.65 

8  4  27 

20.97 

9 

8  50  45 

95.43 

9  0  5 

32.48 

9  6  39 

95.46 

9  1  57 

32.43 

10 

8  47  26 

243.25 

8  53  2 

55.28 

9  1  53 

244.48 

8  54  47 

55.51 

15 

10  26  6 

274.37 

10  32  39 

43.28 

10  42  44 

274..'50 

10  36  34 

43.40 

June  1 

10  44  22 

107.48 

10  52  49 

34.66 

11  6  4 

108.42 

10  .58  7 

34.74 

3 

10  48  27 

52.05 

10  51  3 

28.60 

11  3  53 

53.76 

10  55  42 

28.49 

4 

9  52  44 

70.75 

9  .56  14 

26.19 

10  4  45 

71.07 

1(1  0  6 

26.09 

1895 

Eastern  Time 

P 

Eastern  'I 

'inir 

.•{ 

h   III   s 

O 

ii   III 

s 

April  5 

14  5  41 

241.89 

14  44 

16 

16.61 

14  12  3 

212.78 

15  10 

48 

48.95 

10 

15  23  42 

295.71 

15  .'iO 

*>•> 

49.48 

1.-.  12 

12 

1S.36 

11 

13  1  34 

.■!I2.0,") 

i:;  15 

4 

1  1,91 

l.-,  6  52 

340.  Ki 

i;;  is 

.•!y 

11.95 

i:;  ;•  19 

340.11 

i;;  L'2 

•  >  — 
-  t 

12.18 

1  I  10   <) 

334.(;;; 

11  .•;2 

44 

i;!.13 

14  12  59 

334.43 

15  ;;o 

1 

15.31 

14  21  24 

333.01 

15  45 

54 

14.62 

14  26  17 

331.99 

15  58 

37 

14.94 

15  39  4 

328.19 

16  22 

24 

15.21 

16  16  22 

32  .•.29 

16  25 

17 

1  5.32 

16  29  22 

326.52 

13 

13  4  25 

1()4.98 

14  12 

10 

35.01 

13  8  32 

l(iC..12 

14  17 

17 

35.24 

13  12  35 

167.00 

13  19  27 

168.88 

13  23  8 

170.26 

13  26  51 

171.18 

. 

13  30  20 

172.11 

, 

13  34  10 

173.31 

13  37  21 

1 73.50 

13  48  37 

17(;.66 

13  52  4 

177.76 

13  55  58 

178.55 

17 

13  47  40 

120.44 

14  0 

50 

29. S4 

13  51  4 

120.51 

14  7 

0 

29.47 

20 

10  53  57 

51.33 

11  11 

49 

41.59 

11  0  22 

51 .97 

11  l,". 

30 

41.45 

11  39  20 

55.81 

11  17 

30 

41.66 

11  16  111 

56.10 

11    20 

22 

42.06 

11  29 

50 

42.:!,S 

May  4 

9  31   8 

.">57..So 

9  .■;6 

9 

13.25 

9  42  14 

357.71 

9  38 

33 

13.:;9 

June  2 

10  57  52 

11  2  45 
11  7  24 
11  11  10 
11  17  S 

11  23  35 

12  26  13 

151.l.'7 
152.91 
153.63 
151.91 
152.24 
150.65 
146.01 

3 

8  57  54 

255.67 
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OliSEliVATIONS   OF   VxVKIABLE   STAiiS   IN   1895, 

Bv  WALTER   J.  GILL,  .In. 


1 0.'!.      7'  Androineda<\ 

I  have  eleven  observations,  from  Aug.  18  to  Oct.  8.  On 
the  first-named  date  it  was  about  8". 8.  It  rose  pretty 
rapidly  to  a  maximum  of  7". 8,  which  is  indicated  on  Sept. 
1 ,  and  then  decreased  more  slowly  till  the  last  observation, 
when  it  was  about  9".l. 

yOt;.     R  TrianijuU. 

From  Aug.  25  to  189(;  Jan.  18,  I  have  twenty -four  obser- 
vations. At  the  first  observation  it  was  about  9". 7.  It 
rose  rapidly  to  a  maximum  of  5". 5,  Nov.  1 1 ,  and  decreased 
more  slowly  till  the  last  observation,  when  it  was  9".0. 

1557.     S  Ursue  ilajoris. 

I  have  two  series  of  observations  of  this  star.  The  first 
series,  consisting  of  foiirteen  observations  began  on  Jan.  17, 
with  the  variable  about  9''. 8,  and  ended  on  May  23,  when 
it  was  10". 1.  These  observations  indicate  a  maximum  of 
8". 2  on  Mar.  21. 

The  second  series   began    on  Aug.  8   with  the   variable 

about  10". 8,  and  consists  of  twenty-three  observations,  the 

last  being  on  Jan.  23,  189G,  when  its  light  was  10".0.     By 

these  observations    a  maximum   of   8". 5    is    indicated    on 

Nov.  2. 

5194.      VBootls. 

From   March  17  to  Oct.  10,  I  have  sixteen  observations. 

At  the  first  it  was  about  7". 8.     It  decreased  slowly  to  a 


minimum  of  9"'.l,  July  30,  and  then   rose  more  rapidly  till 
Oct.  10,  when  it  was  about  7". 7. 

(;512.      T  HerrnUs. 
Twelve  observations,  from  Sept.  3  to  Oct.  24,  indicate  a 
maximum  of  8".l,  Sept.  28.     Its  light  at  the  first  observa- 
tion was  about  9". 5,  at  the  last  about  7". 2. 

7085.     RTC;/fjni 

I  have  twenty  observations  of  this  star.  At  the  first,  on 
May  10,  it  was  about  10".  It  then  r(.)se  steadily  to  a  maxi- 
mum of  7". 2,  .Inly  18,  and  decreased  more  ipiickly  to 
10\2,  Sept.  1. 

7560.     R  Vulpeculae. 

Seven  observations,  from  Sept.  5  to  Oct.  5,  indicate  a 
well-defined  maximum  of  8". 3,  on  Sept.  18.  Its  light  at 
the  first  observatiim  was  8". 5,  at  the  last  S".6.  Tlie  light- 
curve,  as  drawn  from  my  observations,  is  very  regular,  with 
equal  times  of  increase  and  decrease. 

8324.      V  C'asslojjeup. 
A  maximum  of  7". 3  is  indicated  on  Oct.  22,  \)j  twelve 
observations,  from  Sept.  13  to  Dee.  8.     At  the  first  obser- 
vation its  light  was  about  9".  3,  at  the  last  about  9". 7.     The 
times  of  increase  and  decrease  are  about  equal. 

Eoxbury,  Mass.,  18il(!  February  1. 


RELATIVE   POSITIOIS^S    OF    TETHY8  AND 


OBSERVED    WITH    THE    20-INCH   KEFBACTOU   OF   THE    LEANDEU 

By  E.  O. 

The  angles  here  given  are  each  the  mean  of  two  com- 
parisons ;  the  distances  were  obtained  from  measures  of 
double  distances.  Corrections  have  been  ajiplied  for  re- 
fraction. 


45.17 
44.70 
92.41 


MCCORMICK    OBSERVATORY    OP 

LOVETT. 


DIONE, 

THE    UNIVERSITY    01' 


VIl;<iINI  A, 


1894 

East.  Stand. 

Time 

P 

East.  Stain 

.  Time 

1 

1    Dl    S 

o 

h    m   s 

klar.  6 

16 

40 

29 

102.21 

17   5 

( 

17 

54 

21 

106.42 

17   7 

45 

8 

13 

8 

52 

82. 1  2 

13  45 

46 

12 

16 

51 

21 

2;!9.56 

17 

53 

52 

24C)..57 

13 

16 

44 

56 

347.76 

17  37 

24 

17 

31 

54 

9.31 

17  39 

54 

14 

16 

30 

55 

113.13 

15 

12 

39 

15 

271.64 

14  49 

35 

14 

44 

11 

276.37 

18 

12 

29 

57 

261.03 

12  44 

39 

13 

3 

40 

262.44 

12  47 

29 

21 

17 

6 

27 

58.52 

17  15 

oo 

17 

30 

37 

61.09 

•>•> 

16 

45 

35 

151.04 

23 

15 

21 

26 

207.70 

17  16 

20 

17 

10 

36 

26.5.13 

17  22 

oo 

26 

14 

39 

56 

269.95 

15  14 

"s 

23.66 
23.87 

79.41 

46.91 
46.65 
40j55 


13.17 
13.11 

105.56 


189-1   East.  St 

and.  Time 

p        I 

;;ast.  StaiK 

.  Time 

»■ 

1 

111    S 

o 

h   in   s 

// 

Mar.  26 

15 

7  11 

270.56 

15  18 

32 

105.59 

29 

16 

35  14 

296.28 

16  41 

51 

4.57 

30 

13 

9  29 

63.02 

13  14 

1 

22.51 

13 

22  12 

63.48 

13  17 

65 

22.44 

Apr.  2 

13 

55  38 

101.83 

13  59 

59 

69.26 

14 

9  7 

102.78 

14  2 

3 

69.09 

4 

12 

18  2 

82.29 

12  21 

14 

18.37 

12 

26  1 

82.34 

12  23 

21 

18.23 

8 

16 

27  56 

254.50 

16  35 

20 

67.00 

16 

56  43 

254.93 

16  40 

52 

67.58 

15 

s 

39  45 

68.85 

8  43 

41 

47.53 

8 

51  7 

69.52 

8  46 

45 

47.44 

11 

53  29 

79.02 

11  56 

12 

62.77 

12 

2  43 

79.49 

11  59 

7 

62.85 

19 

9 

14  39 

109.44 

9  18 

41 

51.88 

9 

23  2 

109.62 

9  20 

23 

52.08 

24 

14 

52  2 

90.04 

14  57 

9 

75.28 

15 

19  36 

90.50 

15  3 

10 

75.31 

25 

14 

15  43 

268.99 

14  20 

47 

97.87 

14 

27  21 

269.27 

14  23 

43 

97.83 

26 

10 

54  28 

64.07 

10  56 

56 

52.00 

11 

1  54 

65.37 

10  58 

36 

51.84 

13 

58  49 

76.74 

14  2 

10 

77.29 
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ISSU         East.  .Staiul.  Tiim-        p          i'. 

(St.  Staiul.  Time 

s     ! 

IS 

04        East.  .Staml.  Time 

p         East.  Stand.  Time 

s 

A,..-. 

h       III       8 

•_•)•)          14     8  28 

o 

77.33 

h       III      H 

14     4  43 

77:34  ' 

May 

16 

ll          111         8 

11      0  21 

173°.59 

n 

10 

111        b 

:>{\  14 

ILOl 

27          12  46  28 

229.79 

12  50   11 

27.35 

17 

12     4  43 

264.85 

12 

9  44 

13.70 

12  iW     .") 

231.79 

12  52  51 

28.00 

12  13  10 

264.82 

12 

11   32 

13.65 

15  1')  17. 

250.20 

15   18  ;!l 

42.75 

13  15  25 

2«;4.S1 

13 

19  10 

13.89 

lo  26     0 

249.80 

15  21      1 

42.68 

13  35  12 

264.64 

13 

27  35 

1  1.07 

A  pr. 

28           10  4.">   47 

291.86 

10    19   IS 

21.70 

21 

9     3  33 

86.39 

9 

5  58 

92.34 

10  .•■).•.     8 

291.07 

10  51    25 

21.74 

9     9  -11 

8(;.59 

9 

7  48 

92.38 

29            7  47  42 

46.22 

7  50  38 

3.63 

23 

9  15  31 

309.44 

9 

20  22 

3.31 

7  54     2 

44.01) 

7  51    51 

3.52 

9  2(i  2.'. 

;;  10.01 

9 

22    15 

3.35 

8  59     1 

41.28 

9     1    45 

.•i.79 

24 

1111   20 

78.59 

11 

17   19 

11.62 

9     5  ;!9 

42.11 

9     3  34 

;5.86 

11  21  ;!(; 

78.89 

11 

19  l.-i 

II.. 55 

May 

1           12  27    11 

276.98 

12  31      6 

80.89 

28 

13     4     3 

2S9.7I 

12  .S5   11 

277.44 

12  32  52 

80.88 

29 

12  22  39 

82.19 

12 

24  51 

12.01 

2           12  18  .S6 

91  15 

12  23     0 

102.87 

12  29  34 

84.75 

12 

27     1 

12.49 

12  29  46 

91.45 

12  25  52 

102.85 

June    2 

10  30  57 

250.14 

10 

33  47 

68.56 

3           12  32  15 

20((,85 

12  ;!5     (i 

s;!.45 

10  38  45 

250.59 

10 

36     3 

68.7G 

12  40  34 

267.17 

12  .S6  41 

8:).44 

7 

9  47  19 

97.21 

9 

50     7 

78.19 

9           12  40     0 

28S.29 

12  42  3(; 

46.60 

9  53     7 

97.44 

9 

50  47 

78.25 

12    17    11 

2SS.2;! 

12  44  45 

40.54 

11  29     9 

101.22 

11 

.•52  21 

65.24 

10           12  45  5;'. 

96.44 

12    IS  24 

39.14 

11  37  34 

1(11.07 

11 

35  ;i9 

65.33 

12  52  20 

96.87 

12   .Ml    11 

38.98 

10 

9  29  41 

75.7.'! 

9 

32   16 

i5.;;o 

14     0  37 

99.8;; 

1  1      1   57 

34.28 

9  .'iS  .-".I 

7(').(m; 

9 

.•11    19 

15..39 

14     9  55 

99.01 

11      7   27 

34.20 

11 

9    17   .'!S 

202.97 

9 

19  .'.I 

.■;o.88 

12            9  59  IS 

267.69 

10      2   27 

55.60 

9  22    17 

2(12. (!9 

9 

21    1;; 

.•;i.o4 

10     7  56 

267.76 

1(1     5      1 

55.79 

24 

S  51    30 

i:m.24 

8 

54     C 

IS. 21 

13          12  22  29 

80.07 

12   2  1    19 

9;!.32 

S   5S   .-.I 

l:!0.(;4 

8 

."i5  .57 

is.iu 

12  29   16 

85.90 

12   27      0 

9;!.34 

11      2     n 

191.(17 

11 

0  5S 

I  i.t;5 

13  44  34 

87.75 

11     12      (i 

I'.II.OI 

11 

9   24 

14..-.;; 

16          10  52     5         1(i9.80 

epiie:meri 

10  54  47 

10.98 

)L-TYPE, 

S  OF  TARTABLES 

OF.  THE   AL(;( 

V. 

■ecuwich  Mean 

Time, 

B^ 

■    p 

AIL     S.     YENUELL. 

March                                | 

April 

J 

April 

April 

], 

May 

1 

•JS 

h 

SLil)rae            16 

4       c^  Librae             16 

12 

S  Cancri 

13 

23      rCygni 

13 

•> 

/  ■  ( »]ilii\ichi 

'.) 

I '  Coronae          20 

f/  CoroiiVi'          1 7 

13 

f'Cephei 

19 

r('ei)liei 

18 

ICygni 

1.-! 

29 

;.  Tauri                 8 

5     rCygni             14 

14 

7i'Caii.  Maj. 

9 

25      r  Coronat 

10 

A  Lil-rao 

14 

/i'Caiiis  JLaj.     12 

6     U  Cepl 

oi               8 

rCygni 

14 

8  Librae 

15 

3 

r  Ccpliei 

18 

rCephei            20 

i?Can. 

Maj.       10 

rOphiuclii 

17 

?^Ophinc 

li        16 

5 

y Cygni 

1;; 

^'Opliiuclii        20 

Algo 

1      ■         15 

15 

//Can.  ^Faj. 

13 

26      rCvgni 

1;! 

/'i'oronae 

14 

.•!() 

n  Caiiis  Maj.     15 

7     /.'  Can. 

Maj.         1  1 

17 

rCygui 

14 

A1-..1 

17 

(i 

rOphiuchi 

11 

/'Oiiliiuchi        16 

8      YCygni              1  1 

IS 

I  ■  Coronae 

13 

28      rCeplR'i 

18 

t 

/'Opliiiichi 

10 

9         Alg. 

1                 12 

(V  Librae 

15 

29      I'Cygni 

1;; 

,s 

)' Cygni 

13 

.\l.iil 

r/Oi.iiiuchi         18 

r  Cepliei 

19 

Al-ol 

1;! 

rCephei 

17 

1 

^'Cejihei              8 

10      /'Oph 

iiclM         14 

19 

rOphiuclii 

19 

30      r'Oi>liiui- 

hi        17 

9 

A  Librae 

14 

»> 

rCygni             14 

11      yCygi.i              14 

20 

yCygni 

14 

10 

r  <  )pliiiiclii 

18 

;5 

S  Caucii              2 

r Coronae          15 

r'Opliiuelii 

15 

May 

11 

S  Caiu'ri 

0 

Algol              18 

8  Libr 

ae            16 

21 

R  Can.  Maj. 

14 

1       5  Cancri 

13 

r Cygni 

13 

/'Opliiuchi        21 

12         Algc 

1                9 

22 

S  Cancri 

1 

POpliiuc 

hi         13 

rOphiuchi 

15 

CORRIGENDUM. 

No. 

367,  l>.  59,  col.  2,  Cha? 

i  II I. EU's  Elements,    for    T 

=  1896  Jan.  13,    put    1896 

Jan.  31. 
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ON    THE    VARIATION    OF    PERSONAL    EQUATION    WITH    I^IIE    MAGNITUDE 

OF    THE    STAR    OBSERVED, 

I'.v    SIMON    NRWCOMB. 


In  prepariiifi  a  new,  thougli  neces.sarily  provisional, 
fundamental  catalojrue  of  star-positions,  I  liave  had  to  in- 
vestigate the  error  in  the  observed  right-ascensious  of 
stars  depending  upon  their  magnitude.  The  conclusions 
reached  are  such  that  it  seems  advisable  to  publish  a  brief 
sununary  without  delay,  awaiting  the  final  appearance  of 
the  work  for  a  more  complete  discussion  of  details. 

The  method  of  investigation  has  been  to  assume  that, 
after  the  differences  in  the  observed  right-ascensions  are 
corrected  for  systematic  error,  they  may  be  represented  in 
the  form 

a'  —  «    =:    .<•  +  nil/ 

where  a  and  «'  are  the  right-ascensions  of  a  star  found  by 
the  two  observers,  or  given  in  the  catalogues  compared ; 
and  m  is  its  magnitude.  The  value  of  //  is  then  found  by 
a  least-square  solution  of  the  equations.  Quite  likely  the 
difference  sho\ild  include  the  second  or  higher  powers  of 
III,  as  well  as  the  first;  but  it  is  impossible  to  make  any 
determination  of  t^e  coefficients  of  these  powers. 

The  determination  of  1/  in  this  way  would  offer  no  diffi- 
culty if  all  the  results  depended  on  a  single  system  of 
adopted  right-ascensions,  unaffected  by  periodic  errors  vary- 
ing from  one  jiart  of  the  circle  of  right-ascension  to  another. 
I'ufortunately  this  is  not  the  case;  and  in  consequence  it 
is  not  possible  wholly  to  separate  the  differences  in  question 
from  those  depending  on  errors  of  the  assumed  right- 
ascensions  varying  with  the  hours  of  right-ascension. 

IMie  error  being  a  purely  personal  one,  it  would  be  de- 
sirable to  .sejiarate  the  work  of  everj'  individual  observer 
from  that  of  all  others.  This  is  not  generally  possible.  I 
have  therefore  compared  catalogues  which  depend  indi- 
vidually upon  the  work  of  a  number  of  observers,  as  well 
as  those  which  depeiul  upon  the  work  of  a  single  observer. 

The  symbols  used  tor  the  absolute  values  of  //  in  the  ease 
of  different  catalogues  are  as  follows.  Accents  are  used  to 
designate  observations  registered  on  the  chronograph. 


/*  Tlie  I'ulkowa  observers  of  1845. 

J"  The  Pulkowa  observers  of  1865. 

0  The  Greenwich  observers  of  1845-1853. 

(i'  TMie  Greenwich  observers  of  1854-188(). 

r  The  Gape  observers  of  1879-1880. 

A"  I  Seeker,  observer  at  Berlin. 

A'  Kiistner,  observer  at  Berlin, 

li  liomberg,  observer  at  Berlin  and  I'ldkowa. 

A  '  Boss,  observer  at  Albany. 

If,  The  Washington  observers  with  the  ti-ansit-instru- 

ment,  18(52-lS(;r). 

JC'.,  Washington  observers  with  transit-circle,  ISOO  -],S(;,S. 

//  The  Paris  observers,  from  1860-1880. 

The  work  of  these  various  observers  or  classes  is  em- 
bodied in  the  well-known  catalogues  containing  it,  which 
have  been  used  as  the  basis  of  comparison.     By  comparing 

catalogues  by  pairs  the  following  system  of  relative  values 
of  1/  has  been  deduced  : 


Observers 

C 

-G' 

c 

-n 

c 

-R 

R 

-F'. 

B' 

-n 

A' 

-n 

F' 

-p 

W 

-II 

W. 

-n 

Gi 

-II 

K' 

-A' 

Ki 

-G' 

K' 

-C 

G 

-F 

G' 

-F' 

G' 

-G 

Weight 


10';/' 


10', 


+  0.0013 

2.2 

+ 

31 

-IS 

+  .oo.-)i 

1.7 

+ 

43 

+  s 

-  .0001 

0.0 

— 

4 

+  ;i 

+  .0001 

4.0 

— 

*> 

+  3 

-  .0106 

l.tl 

— 

106 

0 

+  .0018 

1.0 

-t- 

51 

-;;3 

+   .0059 

6.0 

+ 

57 

+  2 

-  .0027 

1.7 

— 

27 

0 

+  .0016 

1.7 

+ 

16 

0 

+  .0017 

6.0 

+ 

12 

+   5 

-  .0117 

1.4 

— 

94 

-23 

-  .0007 

1.0 

— 

55 

+48 

-  .0099 

1.4 

— 

85 

-14 

-  .0008 

1.0 

+ 

7 

-15 

-  .0039 

1.7 

— 

37 

•> 

-0.0002 

1.0 

-1- 

13 

-15 

After  each  equation   is    given   the  weiglit  assigned  to  it ; 
//'  is  the  value  of  //  as  computed  front  a  least-S([uar('  ad just- 
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iiient  of  the  several  quantities,  using  these  weights;  and  r 
is  the  residual  difference  between  j/  and  i/'. 

The  symbol  ri.  Paris,  representing  the  autlH)rity  with 
\\hich  the  greatest  number  of  comi)arisons  are  made,  I 
have  in  the  solution  tirst  referred  all  the  .  ahies  to  it. 
The  results  of  the  relative  solution  are  these,  exjiressed  in 
units  of  O'.OOOl. 


F 

-/7  = 

+  48 

C 

-ri  =  +  43 

F' 

-77  = 

+  49 

A' 

-77  =  +  r,i 

P 

-77  = 

-   8 

ir 

-II  =    -106 

K' 

-n  = 

-43 

If 

,-77  =    -   -'7 

G> 

-77  = 

+  11.' 

U' 

.-77  =    +    Kl 

G 

-77  = 

_    1 

These  relative  values  give  no  indiiation  of  the  absolute 
amount  of  the  error.  This  can  be  determined  only  by 
special  observers  making  the  determinations  for  them- 
selves. Among  the  observers  compared.  1  am  acipiainted 
with  four  determinations.  These  have  been  made  by  Gill, 
KiisTXKK,  Ross  and  Rf.ckek.  The  following  are  the  foiir 
absolute  determinations,  and  the  resulting  values  of  11 
found  bv  referring  each  of  them  to  the  Paris  observers. 


+  0.0140 
+  .0070 
+  .0108 
+  0.0020 


//   = 


+  0.0089 
+  .0176 
+  .0065 
+  0.00TL' 


.('  = 
B'  = 
C  = 
K'  = 

The  result  in  Rk''kkk's  case  shows  an  anomaly  which  1 
am  ([uite  unable  to  account  for.  The  reduction  both  of 
Boss  and  Bkckkk  to  Paris  was  nuide  by  comparing  the 
right-ascensions  for  all  the  stars  given  in  the  Paris  Cata^ 
logue  General  for  1875,  which  were  also  found  in  the  A.G. 
Zones  of  Ross  at  .\lbany  and  Reckek  at  Rerlin.  The  results 
are  as  follows.  Ju  is  the  mean  excess  of  the  R.A.  of  the 
respective  zones  over  that  of  the  Paris  Catalogue,  after  cor- 
rection for  equinox  and  systematic  error  dependiii,^'  on  the 
W.k. 


.Vlbany 

Berlin 

Mag. 

Xo.  .Stars 

Ja 

.\o.  Stars 

Ja 

8.6 

3L'.") 

+  0.013 

436 

-0.045 

7.5 

193 

+   .003 

220 

-   .041 

6.5 

71 

-   .013 

87 

-   .040 

.5.5 

9 

+   .036 

32 

-   .038 

4.5 

."> 

+  0.024 

17 

-0.018 

The  fact  is,  that,  notwitlistanding  the  large  personal 
error  found  by  Recker,  iu  consequence  of  which  the  right- 
ascensioiis  of  his  faint  stars  are  too  great,  the  E.A.s  of  those 
stars  given  in  his  catalogue  are,  when  reduced  for  equinox, 
smaller  by  0'.045  than  those  observed  at  Paris.  A  natural 
inference  would  be  that  Re<kek  had  already  a])plied  the 
correction  iu  liis  catalogue.  Rut  it  is  expresslj'  stated  in 
the  Introduction  that  the  correction  has  not  been  applied. 
The  anomaly,  therefore,  seems  to  admit  of  no  explanation 
at  present.  Rejecting  the  anomalous  result,  the  mean  of 
the  other  three  gives 

77  =    +0'.0075 


This  gives  the  following  absolute  valiu's  of  //,  in  which 
those  ])prtaining  to  eye-and-ear  observations  are  placed  in 
one  column,  and  those  depeiuling  on  the  clirouograph  are 
in  another. 


Eye- 

and-Kar 

Clironograiih 

li   = 

+  0.0123 

P'    = 

+  0.0124 

P  = 

+    .0067 

K'    = 

+   .0032 

G  = 

+    .0074 

G'   = 

+   .0087 

('  = 

+   .0118 

A'  = 

+   .0126 

II  = 

+o.oo7r> 

W\  = 

+   .0048 

11"..  = 

+  0.0091 

lean 

+0.0091 

Mean 

+0.0085 

The  difference'  between  the  mean  values  of  y  in  the  two 
cases  is  evidently  markedly  less  than  its  jjrobable  error. 
The  conclusion  appears  to  be  that  the  error  in  question 
equally  affects  eye-and-ear  observations  aiul  those  made 
with  the  chrongra])!). 

There  will,  1  conceive,  be  no  two  opinions  as  to  the  im- 
mediate cause  of  the  error.  It  was  pointed  out  by  Gill, 
more  than  fifteen  years  ago;  and.  with  little  essential  modi- 
tication,  is  the  same  as  one  pointed  out  by  Goi't.d,  twenty 
years  ago,  iu  his  discussion  of  the  transatlantic  longitude. 
The  observer  is  biased  in  his  judgement,  as  to  the  moment 
of  the  image  of  a  star  crossing  tlie  transit-thread,  by  his 
previous  estimate  of  the  moment  at  which  it  is  going  to 
cross,  which  is  based  at  each  moment  on  the  apparent  dis- 
tance between  the  star  ami  the  thread.  This  distance 
appears  to  him  greater,  the  smaller  and  bettei-  defiued  the 
image  of  the  star.     Hence  the  bias. 

It  woidd  appear  tliat,  iu  the  case  of  eye-and-ear  obser- 
vations, this  bias  ought  to  be  neutralized  by  a  correspond- 
ing bias  in  estimating  the  ]iosition  of  the  star  at  the  clock 
beat  next  following  the  actual  transit.  That  the  neutrali- 
zation does  not  take  effect  is  probably  due  to  the  fact  that 
the  observer,  being  hurried  by  the  necessity  of  immediately 
recording  his  observation,  has  not  the  leisure  to  make  tlie 
same  careful  estimate  that  he  has  when  the  star  is  ap- 
proaching the  thread. 

In  the  case  of  chronographic  observations  there  are  two 
methods  of  observing.  In  method  A,  which  I  believe  to  be 
the  most  commoTi,  the  observer  anticipates  the  passage  of 
the  star,  so  as  to  have  his  signal  completed  at  the  exact 
moment  of  crossing,  much  as  if  he  were  shooting  at  a  bird. 
Here  we  have  good  reason  for  the  bias.  In  the  other 
method,  which  I  shall  call  B,  the  observer  waits  until  he 
actually  sees  the  star  on  the  thread,  and  then  commences 
the  nisus  which  terminates  in  the  signal. 

In  using  method  .1,  when  an  astronomical  observer,  it 
was  frequently  the  custom  of  the  writer  to  make  a  uukU- 
fication  which  might  possibly  result  in  the  annulment  of 
the  error.  At  each  transit  over  a  thread,  it  was  noticed 
whether  the  click  of  the  key  occurred  too  early  or  too  late. 
If  it  occurred  too  late,  tlie  next  click  was  made  earlier,  aiul 


N"  369 


ASTItONOMICAl. 


Oi:  KXAL. 


67 


rice  versa.  It  must  be  added,  however,  that  this  system  of 
oompeusatiim  si'i'iiicd  to  Iji'  practically  :i.i)])licalile  only  in 
the  daytime,  or  early  evening,  with  fairly  well-defined 
imajjes,  and  when  the  observer's  nervous  system  was  not 
fatiyued.  As  the  night  advanced,  there  appeared  to  be  no 
<lefinite  moment  at  which  the  star  was  seen  a,s  actually 
bisected  by  the  thread.  The  subjective  phenomenon  was 
that,  as  the  star  approached  the  thread,  it  suddenly  jumped 
across  it,  as  if  evading  the  shot  of  the  key. 

As  to  method  7>',  1  must  express  my  lack  of  conlidence 
in  its  giving  results  wliieli  shall  be  free  from  the  error  in 
(juestiou.  It  seems  to  me  doubtful  whether  the  observer 
can  avoid  being  influenced  bj-  his  previous  estimates,  as  he 
sees  the  star  approaching  the  thread. 

I  have  reached  the  conclusion  that,  in  the  absence  of  a 
more  general  system  of  determining  this  error,  and  on  ac- 
count of  the  uniformity  in  its  algebraic  sign,  as  well  as  its 
equality  in  the  two  methods  of  observing,  it  is  better  at 
present  to  ignore  it  in  all  star-catalogues,  fundamental  or 
otherwise,  leaving  each  authority  to  apjdy  the  correction 
as  he  shall  find  it  necessary. 

The  preceding  conclusions  have  so  important  a  bearing 
upon  determinations  of  the  constant  of  aberration,  made 
by  observations  with  the  prime  vertical,  that  I  venture  to 
quote   the  following  passage   from  my  discussion  of   the 


Constants  of  Astronomy,  page  136,  which  was  published 
one  year  ago. 

■'Many  of  the  I'lilkowa  observations  are  necessarily  made 
in  the  morning  or  evening  twilight.  Ill  the  case  of  an  eve- 
ning observa,tion  the  star  will  thei'efor  be  much  fainter  on 
account  of  daylight  when  it  transits  over  the  east  vertical, 
than  it  will  when  it  transits  over  the  west  vertical,  one  or 
two  hours  later.  In  the  case  of  morning  observations  the 
reverse  will  be  true.  It  is  easy  to  see  that  if,  in  conse- 
quence of  this  difference  of  aspect,  the  observer  notes  the 
passage  of  the  faint  image  too  late,  the  effect  will  be  to 
make  the  constant  of  aberration  too  large.  The  existence 
of  this  form  of  personal  equation,  when  transits  are  re- 
corded on  the  chrongrapih,  is  so  well  known  that,  had 
NYutN's  observations  been  made  in  this  way,  1  should  not 
have  hesitated  to  ascribe  the  large  values  of  his  aberration 
constant  to  this  cause.  Although  it  has  never  been  shown 
that  any  such  personal  equation  exists  when  observations 
are  made  by  eye  and  ear,  as  Nyken's  were,  yet  when  we 
consider  that  we  are  dealing  with  quantities  amounting 
only  to  one  or  two  hundredths  of  a  second  of  arc,  and  that 
a  personal  equation  of  this  kind,  undiscoverable  by  ordi- 
nary investigation,  might  affect  the  result  by  this  minute 
amount,  we  cannot  but  have  at  least  a  suspicion  that  his 
values  may  be  slightly  too  large  from  this  cause.'' 

Evidently  this   statement    should  now  be    modified,  or 
rather,  the  conjectural  conclusion  is  strengthened. 


SOLAR  PROMINENCES  OBSERVED  AT 

Bv  .1. 

The  following  observations  are  jiublished  with  the  hope 
that  they  may  prove  of  value  in  supplying  lacunae  occur- 
ing  in  more  extended  series,  or  may  be  of  interest  when 
compared  with  results  obtained  by  photography. 

The  spectroscope  used  is  by  Bkasheak,  with  a  14438 
line  Rowland  grating,  and  is  attached  to  a  7-in,  refractor. 

The  measures  were  always  made  in  C  of  the  second  spec- 
trum, although  the  prominences  were  often  viewed  in 
higher  spectra,  and  in  other  lines. 

As  a  rule,  one  circuit  of  the  Sun's  limb  was  made  with  a 


BOSTON  UNIVERSITY  OBSERVATORY, 

B.  COIT. 

tangential  slit.  The  values  of  V  are  reckoned  from  the  ap- 
parent north  point  through  the  east.  Values  of  position- 
angle  or  altitude  written  with  a  subscrijit  e  were  estimated. 
The  definition  is  recorded  by  the  letters  p,f,ff,  e,  indicating 
respectively  poor,  fair,  good,  excellent.  The  namber  of 
degrees  a  prominence  extended  ujion  the  Sun's  limb  was 
determined,  in  the  cases  given,  by  estimating  the  fractional 
p)art  of  the  slit  filled  by  the  prominence,  hence  the  values 
are  only  rouglily  a])proximate. 


189.5  Washington  M.T. 

P 

Alt. 

Def. 

Remarks 

May   6 

h 

23 

m 

35 

0 

225 

60.9 

ff 

Narrow  flame.     Not  foimd  32'"  later. 

19 

oo 

51 

29 

49.9 

a 

.Spreading  top.     On  each  side  of  29°  a  prominence  with  altitude  =  20",      Others 
at  220°,  275°,  302°. 

23 

0 

2 

7 
15 

206 
255 
290 

91.5 

20.3 

6.6 

g 

The  base  was  triform,  altitude  =  2.5".     Above  this,  and  but  slightly  attached,  an 
extended  cloud,  soon  seen  to  be  breaking  up  rapidly.     At  3''  17'"  the  base  was 
composed  of  mere  needles,  while  of  the  cloud  there  remained  but  a  line,  radial 
to  the  Sim,  extending  from  34"  to  95". 

17 
32 

300 
20 

60.7 
6,. 

u 

Base  of  ilelicate  lace-work.     Covered  10°  of  limb. 

42 

100 

52.5 

a 

3 

o 

115 

76.3 

Three  small  flames  between  this  and  100°. 

24 

21 

52 

105 

30,4 

*  > '  > 

1 

117 

103.0 

e 

Narrow  stem  37",  supporting  a  broad  cloud  with  pendant  streamers,  and  termi- 
nating in  a  mass  of  parallel  shreds. 

68 
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.1     h     111 
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i:! 

IS 

;m) 

•J^     L'l  'M) 

44 

li> 

L'L'   14 

;i(i  -J  36 
42 
56 


.•51 


17 


June  •-'  •-•!   li; 

r>7 
o._)      r, 

11 

IS 
25 
46 
52 
i;  1  59 
L'   5 


II 


22 
'.I  21 


II 


12 
20 
32 
40 
43 

1  45 
50 
54 
57 

2  0 
10 


273 

284 

38 

56 

68 

IM 

227 

51 

62 

71 

226 

34 

49 

99 

280 

272 

59 

58 

89 


246 

268 
15 

105 

225 

269 

286 

24 

62 

114 

23 

42 

94 

23 

42 


Alt. 


22 

219 

31 

274 

42 

44 

49 

74 

52 

85 

32 

224 

28 

■in 

33 

70 

2(;(; 

274 

283 

2SS 

309 

8 

55 

75 

104 

1.30 

215 


Def. 


41.9 

20, 

30 

17.4 

32.3 

10.1 

41.S 

40.1 

10.7 

;!3.0 

24.0 

95.2 

61.9 

6.9 

5, 

28.8 
11.8 
20.8 
69.5 

63.5 
20.8 
S4.3 

.'•3.5 
10. 
22  2 
10 


32.9 

37.4 

50.9 

20.7 

12 

74 

.50.5 
.'?4.5 

92.2 

.•!4.4 
19.2 
26.6 

6, 
23.2 
27.5 
13.8 
36.1 
32.8 
1", 

10, 
16.0 

10, 
14.2 


P 


f 
f 


P 

f 
l> 


/' 
P 
P 
.'/ 
.'/ 
.'/ 

.'/ 
./' 
f 
</ 
•I 
'J 


Remarks 


^Seve^ll  small  tIami'S. 


At  tW'-,  anil  71',  are  narrow,  well-ilelnu'il  sli-iii,'..  willi  tliiii.  faii-likv  loiis.  aicluMl 
over  ami  uuitinf;  with  to])  of  (iS'\ 

Central  one  of  live  slender  sti-ins,  ivilli  diffuse  topsail  bent   inward,  and   nnitin;; 

at  eenter  of  group. 
.\  diffuse  bank,  extending  4°  on  limb,  lop  sliDwing  drift  to  tlie  north. 

Two  clouds  detached  from  Sun.      Inner  limit  (ItJ'.S. 

Hrisht.     Uioad  top.     At  3"  .">(5"'  dissolving  and  floating  to  the  north. 


Spike.     Not  seen  at  2''  .W". 

-Single  spike. 

Narrow,  detaclied  cloud  lying  radial  to  Sun.      At -^2'' '.7'"  was  attached  to  Sun. 

At  23''  30'"  the  cloud  was  gone,  and   three  delicate  parallel  shreds  lay  radial  to 

the  Sun  near  the  limb. 

Diffuse  cloud  attacOied  to  Sun  by  slender  stem.  | 

i 
Stemmed,     foveis  4-  of  limb.     At  2-."' 3--""  .lit.  =  101".      A   stem   imw   connects 

each  side  of  cloud  with  Sun. 
Not  found  at  23''.  . 

An  arch. 


Inclined  to  north. 

Minute  fla:iie,  inclined  to  north. 

Single  flame. 

Spiked  rtames. 

Work  stopped  by  clouds. 

Covered  10'-' of  limb.     Spiked  along  the  summit;  :!'' 4.'>""  later  bnt  little  change. 

Seeing  excellent. 
Cloud  with  narrow  stem. 
Triegular  form  covering  10^  on  limb:  .;•'  4.")'"  later  mmh   reduced,    with  seeing 

excellent. 

Inclined  to  north.      Hase  :>°  wide.     At  22''  40 lore  in  shr.'ds. 

Small  Hame. 
Curved  1(1  mirth. 


Two  small  Haines  cinving  inward. 
Others  smaller,  estimated  at  227=,  232=.  240^ 
1     Very  narrow. 
0°  on  limb. 
Narrow  .  w  ith  spreading  lop. 


I     Minute  points. 
]     .")°  on  limb. 

Minute  points. 
Pointed  Hame. 
Pointed  tlaine. 
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1895  Washington 

M.T. 

P 

Alt. 

Def. 

Kemarks 

.1            h 

J  nil,-  1  I 

Ill 
17 

0 

243 

73.7 

,'/ 

At  3''  19'"  the  altitude  =  :.'S!I";     V(M-y  rapiil  changes.     See  .^ .  J.  350  for  detailed 

;! 

35 

274 
270„ 

48.2 
20, 

.'/ 

account. 

40 

295 

43.7 

.'/ 

I'ointiMl  flauie.     Two  other.s  near. 

14      21 

12 

(>4 

32.2 

,'/ 

ti°  on  limb. 

20 

104 

49.5 

1> 

2'' 

38 

271 

82.6 

.  f 

'rrifonii  base,  suiiportini;  a  cloud  cxlciidiug  about  ()°  on  cillu^r  side,  and  return- 
ing to  the  .Sun. 

It;    21 

51) 

59 

f 

Six  small  flames. 

22 

I 

248 

25.5 

f 

Bright.     ,\t  -JS''  31'"  a  prong  on  C  reaihes  lialf  way  to  0.509.5. 

14 

257 

49.7 

P 

17     21 

14 

7(; 

1-, 

e 

Brilliant.     Apparently  spouting  obliquely  from  the  limb  ami  falling  back  upon 
it.     At  point  where  it  seems  to  rise  from  the  limb,  C  is  displaced  toward  the 
blue.     Minute  spikes  near.     Spots  aiul  faculae  near  the  limb. 

33 

118 

o().4 

e 

Detached  cloud. 

40 

221 

31.5 

e 

Others  at  215°,,  and  218°,. 

51 

250 

!7 

Several  small  s]nkes. 

54 

263 

Small. 

111     22 

12 

47 

33 

f 

3"  on  limb. 

15 

53 

24 

f 

0°  on  limb.     Top  drifting  toward  south. 

18 

(54 

55. (i 

f 

4"^  on  limb.     Triform  base.     Top  drifting  toward  south. 

27 

210 

,f 

.N'umerous  small  spikes. 

30 

242 

41.3 

f 

Top  drifting  toward  north. 

3!) 

272 

35.8 

f 

S°  on  limb.     Top  drifting  toward  north. 

20       1 

29 

44 

21. S 

P 

37 

114 

/' 

.Minute  anii. 

44 

212 

1().8 

[> 

49 

242 

31.6 

P 

10°  on  Umb. 

OBSEkVATIONS   OF   COMET  6  1895  {faye), 

M.\DE  wiru  riiK  30-in<;h  E(iUAroi!i.\i.  ok  tiik  i.ick  oissekvatouy, 
Bv  W.  W.  CAWl'BELL. 


1895  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

la. 

* 

^'s  apparent 

1           8 

logpA 
for  a       1     f or  S 

h       111       s 

Oct.    16     8  41  25 

1 

p  8,.v  8 

Ill          S 

-0     7.91 

1       » 
-1  '  6.8 

ll         111          s 

21  10  50.93 

O          1            H 

-4  16  47.4 

9.167 

0.766 

23  10     6  40 

2 

15.     8 

-1   51.87 

-0  43.9 

21   14  46.02 

-4  53  56.0 

9.522 

0.760 

24  10  46     7 

») 

11  4,.v  (•> 

—  0     9.76 

+  1    27.6 

21    15  27.49 

-4  58  38.9 

9.592 

0.753 

No\'.    6     (i  52  24 

4 

p  6,.s-lO 

+  0     0.18 

+  0  21.2 

21    26  41.90 

-5  42  31.6 

8.792 

0.778 

7     6  45  19 

.5 

p  6 ,  .s  8 

-0     0.90 

—  0  50.5 

21    27  45.35 

-5  44  44.0 

8.732 

0.778 

8     (5  38  20 

() 

p  8 ,s  8 

-0     5.00 

-0  4().8 

21   28  50.44 

-5  46  45.6 

8.643 

0.779 

Mean  Places^  for  1895.0  of  Comparison- Stars. 


*    ! 

1 

1 
21 

a 

in        s 

10  55.55 

Red.  to 
app.  place 

8 

lied,  to 
app.  place 

Autliority 

+  3^29 

o           /            " 

-4  15  53.7 

+  13.1 

Sclijelleru])  8587 

•> 

21 

16  34.65 

+  3.24 

-4  53  25.5 

+  13.4 

Schiellei-ui.  8641 

3 

21 

15  34.02 

+3.23 

-5     0  19.7 

+  13.2 

1 6  Ai/it.arii 

4 

21 

26  38.55 

+  3.12 

-5  43     5.4 

+  13.3 

12"  ±,  connefteil  with  Solij.8770 

38.69 

+  3.12 

7.6 

+  13.3 

12"  ±,  connected  with  iMunicli  II,  11776 

5 

21 

27  43.09 

+  3.12 

-5   44     C  .■! 

+  13.4 

13"  ± ,  connected  with  Schj.  8770 

43.22 

+  3.12 

S.2 

+  13.4 

13"  ±,  connected  witli  Munich  II,  11776 

(! 

21 

28  52.27 

+  3.12 

-5   46   ll.C) 

+  13.4 

14"  ±.  connected  with  Schj.  8770 

52.43 

+3.12 

13.4 

+  13.4 

14"  ±,  connected  with  Munich  II,  11776 

NOTES. 

Tlie  catalogue-intervals  Mun.  1 1770- Schj.  8770  are:     Ja  =  —2"'  0'.73:     J8  =  —0'  40". 8. 
My  observed  intervals      Mun.  11770- Schj.  8770  are:     Ja  =  — 2'"  0^89:      J8  =  — 0'  39".l. 

In  fixing  the  positions  of  stars  4,  5  and  0,  I  have  given  weight  2  to  tlie  Schjellerup  position,  and  weight  1  to  the  Mmiich  position. 
The  comet  was  just  at  my  limit  of  vision  in  the  12-iuch  telescope.     In  the  30-inch  telesco])e  it  was  a  very  easy  object  to  measure, 
was  ill-defined,  about  20"  in  diameter,  with  an  inconspicuous  (not  stellar)  nucleus. 
p  and  s  indicate  measures  of  position-angle  and  distance,  respectively. 
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OBSERVATIONS  OF   COMET  <x  1895  (sjriFi), 


MADK    AT    I.ICK    tdlSElCV ATORY, 

Bv  W.  W.  CAMPBELL. 


Mean  Places  for  1S95.0  of  Comparison- Stars. 


Red.  to 
app.  place 


Red.  to 
app.  place 


Aiitlioritv 


1 
2 

3 
4 
5 
6 

S 
9 
10 
11 
12 
1.-! 
It 
1.". 
10 
17 
IS 
19 
20 
21 
22 
23 
24 


1  25  30.62 

1  27  4.75 

1  26  32.94 

1  27  14.87 

1  24  59.25 

1  28  37.73 

1  30  2.98 

1  30  16.52 

1  30  34.96 

1  32  50.08 

1  35  53.32 

1  34  41.37 

1  36  28.89 

1  37  43.79 

1  37  43.50 

1  45  21.48 

1  49  48.52 

1  46  51.61 

1  51  56.24 

1  48  59.67 

1  53  1.13 

1  51  37.80 

1  53  44.39 

1  19  48.34 

+  3.93 
+  3.96 
+  3.97 
+  4.U2 
+  4.04 
+  4.08 
+  4.08 
+  4.09 
+  4.09 
+  4.09 
+  4.10 
+  4.10 
+  4.10 
+  4.12 
+  4.11 
+  4.12 
+  4.14 
+  4.12 
+  4.11 
+  4.10 
+  4.11 
+  4.10 
+  4.11 
+  4.09 


+  4 
+  3 
+  3 
+  3 
+  3 
+  3 
+  3 
+3 
+  3 
+3 
+  3 
+  4 
+4 
+  4 
+  4 
+  6 
+  5 
+  6 
+  6 
+6 
+6 
+  6 
+  6 
+  6 


0 
42 
39 
32 
25 
35 
37 
38 
40 
56 
57 

7 

8 
33 
47 

0 
~>~) 

1 
32 
32 
37 
34 
45 
45 


( .o 
36.4 
23.2 
51  9 
44.2 
23.9 
19.0 
52.2 
33.0 
13.3 
51.4 
52.8 
30.5 
36.9 
42.4 
4."..1 
21.0 
57.5 
45.6 
47.7 
58.4 
38.8 
15.9 
20.0 


+  27.2 
+  27.4 
+  27.3 
+  27.3 
+  27.3 
+  27.0 
+  27.0 
+  27.0 
+27.0 
+26.8 
+  26.8 
+  26.6 
+  26.6 
+  26.6 
+  26.5 
+  26.2 
+  26.0 
+  26.1 
+  25.8 
+25.9 
+  25.7 
+  25.7 
+  25.7 
+25.8 


Boss,  A.G.  Albany  Catal.  416 

Boss,  A.G.  Albany  Catal.  423 

12"  ±,  connected  witli  *2 

Boss,  A.G.  Albany  Catal.  424 

Boss,  A.G.  Albany  Catal.  409 

Boss,  A.G.  Albany  Catal.  437 

13"  ±,  connected  with  3t:6 

14"  ±,  connected  with  *(> 

11" ±,  connected  with  ^'1 

14"  ±,  connected  with  *  1 1 

Boss,  A.G.  Albany  Catal.  473 

13"  ±,  connected  with  *13 

Boss.  A.G.  Albany  Catal.  480 

Tucker,  nieridianViirlo.  [DM.  4°300] 

Boss.  A.G.  Albany  Catal.  489 

Paris  2296 

!((Schj.  561+ Grant  419  +  1'aris  2382) 

Tucker,  meridian  circle,  [DM.  5°255] 

14"  ±,  connected  with  *20 

Tucker,  meridian  circle,  [DIM.  6^298] 

13"  ±,  connected  with  *22 

Tucker,  meridian  circle,  [D.M.  6°304] 

15"  ±,  connected  with  *24 

Tucker,  meridian  circle,  [D^I.  6°300] 


lS9o  Mt.  Hamilton  M.T. 

* 

No. 
Corap. 

la, 

-* 

^8 

^'s  apparent 
a     1     8 

logpA 
for  a   I  for  8 

i  Oct.  10 

li   n 

9  27 

1    8 

26 

1 

15 

in  6 

+  0  22. 7S 

1    « 

1 

1 

in   8 

25  57.33 

H9.481 

. 

9  48 

19 

1 

1.-! 

-2  20.2 

+  3  58 

14.5 

. 

0.692 

11 

9  45 

12 

1 

20,  14 

+  0 

30.8(i 

-5  53.1 

20  5.42 

3  54 

41.7 

«9.430 

0.693 

12 

11  11 

5(t 

o 

16,  10 

-0 

55.8() 

+8  11.8 

26  12.84 

3  51 

15.5 

w8.991 

0.688 

13 

11  10 

12 

2 

19,  8 

-0 

49.41 

+  4  58.4 

26  19.30 

3  48 

0  9 

«8.973 

0.688 

15 

9  41 

'>•> 

2 

5 

-0  44.1 

3  42 

19.7 

. 

0.694 

10  19 

12 

2 

d   8 

-0 

37.79 

.  .  . 

26  30.93 

«9.250 

. 

16 

11  57 

35 

3 

p   6.S  8 

,  -0 

0.23 

-0  18.2 

26  36.68 

3  39 

32.3 

8.447 

0.688 

o2 

10  12 

28 

4 

p   8 ,  s  6 

-0 

7.51 

-4  46.9 

27  11.38 

3  28 

32.3 

M9.143 

0.692 

23 

11  39 

7 

4 

p   6 , «  6 

-0 

0.82 

-5  51.3 

27  18.08 

3  27 

27.9 

8.643 

0.690 

24 

14  49 

5 

5 

17,  6 

+  2 

22.68 

+  0  22.0 

27  25.97 

3  26 

33.5 

9.580 

0.707 

25 

12  44 

6 

5 

16,  8 

+  2 

30.32 

-0  8.5 

27  33.61 

3  26 

2.9 

9.279 

0.(i94 

Noy.  6 

7  54 

26 

6 

15,  7 

+  1 

24.46 

+  0  44.3 

30  6.27 

3  36 

35.2 

n9.459 

0.697 

8  31 

44 

7 

p   4,s  4 

-0 

0.73 

-1  7.2 

30  6.33 

3  36 

38.8 

w9.350 

0.()94 

8  23 

10 

8 

;>  6,«  8 

+  0 

4.57 

-0  24.6 

30  25.18 

3  38 

54.6 

;t9.364 

0.694  1 

8 

8  43 

54 

9 

p   6,.sll 

+  0 

6.30- 

+  0  25.0 

30  45.35 

3  41 

25.0 

H9.274 

0.691 

13 

7  42 

32 

10 

P   6,.s-12 

-0 

13.81 

+0  1.1 

32  40.36 

3  56 

41.2 

«9.427 

0.692  , 

8  49 

58 

11 

10,  4 

-3 

1.5.74 

-1  26.6 

32-  41.68 

3  56 

51.6 

«9.155 

0.688  1 

17 

7  48 

10 

12 

p   6 ,  s  6 

-0 

11.93 

+  4  2.9 

34  33.54 

4  12 

22.3 

«9.367 

0.688  1 

8  22 

5 

13 

8,  2 

-1 

58.56 

+  3  30.7 

34  34.43 

4  12 

27.8 

//9.233 

0.686 

oo 

11  38 

11 

14 

16,  10 

-0 

21.06 

+  2  27.5 

37  26.85 

4  36 

31.0 

9.400 

0.685 

24 

12  59 

17 

15 

15,  8 

+  0 

56.81 

-0  53.2 

38  44.42 

4  47 

15.7 

9.5,S2 

0.697 

Dec.  6 

7  0 

oo 

16 

14,  8 

+  2 

1 1 .49 

-2  45.6 

47  37.09 

5  58 

23.7 

«9.316 

0.667 

8  6 

0 

17 

22,  8 

o 

13.25 

+2  54.4 

47  39.41 

5  58 

41.4 

«8.9()3 

0.6(il 

i 

6  27 

54 

18 

12,  8 

+1 

32.02 

+  2  29.8 

48  27.75 

6  4 

53.4 

H9.405 

0.671 

11 

8  37 

19 

p   8.,s-10 

+  0 

7.60 

-0  8.9 

52  7.95 

6  33 

2.5 

8.230 

0.653 

12 

7  27 

46 

21 

plO .  .slO 

-0 

3.67 

+  1  24.3 

53  1.57 

6  39 

48.4 

n9.083 

0.654 

13 

1 

6  53 

40 

23 

j»10,sl0 

+0 

9.00 

+  1-  3.2 

53  57.50 

+  6  46 

44.8 

«9.258 

0.657 

4 
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NOTES. 


Ill  oi'tler  that  all  the  oliservations  slioiilil  ilepeiid  upon  well-deter- 
luincd  star-placvs,  I'rof.  Tickkh  kindly  olisci'vcil  live  stars,  numbers 
14,  IS.  20,  '2'2  and  24.  with  the  meridian  circle. 

d  indicates  that  the  Ju  was  measured  directly  with  the  inicrDiueter. 

;i  anil  .v  iiidicati'  lueasures  of  p()sition-anu;le  and  distance,  respec- 
tively. 

If  the  residual  in  declination  for  the  first  observation  (October  10) 
l)roves  to  be  large,  that  declination  should  be  rejected.  The  divided 
micrometer-liea<l  was  found  to  l)e  loose  on  the  screw,  and  shifted, 
niile.ss  handled  with  the  utmost  delicacy.  The  revoluti(m-('onnter 
was  loose  and  iMitirely  misleading;,  and  the  whole  number  of  revolu- 
tions was  determined  from  star  transits.  Observations  on  subsei|uent 
niijlits  were  not  affei-ted  liy  such  uncertainties. 

The  comet  passed  beyond  the  power  of  the  12-ineh  telescope  late 
in  November.  \\]  the  observations  with  the  30-iiicli  equatorial  were 
easy,  except  that  of  Dec.  11,  on  which  occasion  the  sky  was  hazy. 

Twelve  or  fifteen  observations  of  the  comet  have  been  secured  by 
Professor  Hussey  and  myself  in  January  and  February.  They  will 
be  published  soon. 

In  the  progress  of  these  oliservations,  as  well  as  from  my  ccperi- 
eiice  in  ohservini;  faint  objects  at  .\nn  Arbor  in  1888-91,  I  have  been 


convinced  of  a  teiulency  on  my  part  to  ('stimate  the  transits  of  very 
faint  comets  over  a  bright  thread  too  late,  thereby  increasing  all  right- 
ascensions  obtained  in  that  manner.  The  principal  cause  of  the 
temh^ncy  is  probably  the  following:  When  the  faint  object,  several 
seconds  of  arc  in  diameter,  approaches  and  touches  the  illuminated 
thread,  its  preceding  edge  melts  away  from  view,  by  contact,  and  the 
waiter  of  the  object  appears  nearer  the  following  edge  than  it  really 
is;  thus  the  time  of  transit  is  estimated  too  great.  This  reasoning 
does  not  apply  when  the  object  is  sutliciently  bright  to  be  seen  clearly 
immediately  after  crossing  the  thread,  fakewi.se,  if  the  right-ascen- 
sion intervals  have  been  measured  directly  with  the  micrometer,  or 
if  the  position-angle  and  distance  have  been  observed,  the.  cause  re- 
ferred to  abo\e  does  not  exist.  On  November  (i,  1:',  and  17,  observa- 
tions were  obtained  both  by  transits  and  by  position-angles  and  dis- 
tances. From  the  known  rate  of  the  comet's  motion  I  have  com- 
pared the  results  obtained  in  the  two  ways,  and  have  found  that  the 
right-ascensions  determined  by  transits  are  about  0".2.')  greater  than 
those  determined  by  measiu'es  of  position-angles  and  distances. 
Throughout  the  whole  series  of  observations,  made  about  equally  in 
the  two  ways.  I  should  expect  the  same  systematic  difference,  0".25, 
to  exist. 


JACTATION   OF    RECENTLY  DISCOVERED   VARIABLES, 

By  S.  C.  chandler. 


The  folluwiug  list,  wliich  brings  tlic  deliuitive  notation 
lip  to  (late,  includes,  for  convenience  of  those  interested, 
the  eleven  stars  for  which  letters  w-ere  assigned  in  A.J.358, 
p.  184. 


The  "Second  (,'atalogue""  (J.-/. 300),  the  "Revised  Sup- 
plement "  (A.J.  347),  and  the  present  list  comprise  together 
a  complete  list  of  known  variables ;  the  total  number  being 
378. 


No. 

Star 

1900.0 

1900 

1855.0 

Red- 

Magnitude 

R.A 

Decl. 

Annual  Variation 

R.A. 

Decl. 

ness 

Max. 

Min. 

146 

T  Scnlptoris 

h       n 

0  24 

a 

17 

-38°  27.7 

+  2^96 

+  0.33 

ll        111       s 

0  22     3 

-38° 

42.6 

8.6 

10.0 

419 

U  Aiidromedae 

1     9 

47 

+  40  11.2 

3.41 

0.32 

1     7 

14 

+  39 

56.0 

6 

8.9 

<13 

659 

X  Cassiopeae 

1  49 

46 

+  58  45.9 

4.09 

0.30 

1  46 

42 

+  58 

32.5 

6 

9.3 

12 

1166 

XCeti 

3  14 

20 

-   1  2(>.0 

3.05 

0.22 

3  12 

3 

-   1 

36.0 

_ 

9.3 

<12.5 

1386 

T  Eridani 

3  50 

57 

-24  19.5 

2.56 

0.18 

3  49 

2 

-24 

27.6 

_ 

7.2 

11.0 

1800 

W  Orionis 

5     0 

14 

+   1     2.4 

3.10 

+0.09 

4  57 

55 

+   0 

58.5 

_ 

6 

1 

2445 

W  Monocerotis 

6  47 

30 

-   7     1.6 

2.91 

-0.07 

()  45 

19 

-   6 

58.6 

6 

8.8 

<io 

2690 

X  Puppis 

7  28 

27 

-20  41.7 

2.60 

0.13 

7  26 

30 

-20 

36.1 



8 

9.6 

2778 

W  Puppis 

7  43 

4 

-41  57.1 

2.99 

0.14 

7  40 

49 

-41 

50.6 

_ 

9.5 

12.0 

3264 

W  Cancri 

9     4 

0 

+  25  39. 

3.52 

0.24 

9     1 

21 

+  25 

50. 

_ 

9.6 

<13 

3417 

U  Velorum 

9  29 

28 

-45     4.3 

2.25 

0.26 

9  27 

46 

-44 

52.4 

_ 

8.1 

8.5 

3467 

R  Sextantis 

9  37 

46 

-   7  38.7 

2.97 

0.27 

9  35 

33 

-   7 

26.5 

_ 

9.7 

10.6 

3983 

RS  Carinae 

11     3 

54 

-61  23.6 

2.48 

0.32 

11     2 

3 

-61 

9.0 



8 

11 

4225 

X  Centanri 

11  44 

12 

-41  11.9 

2.99 

0.33 

11  41 

57 

-40 

56.9 

_ 

7.8 

12.4 

4260- 

W  Centanri 

11  50 

o 

-58  41.8 

2.98 

0.33 

11  47 

49 

-58 

26.8 

~ 

8.6 

13.0 

4415 

T  Crucis 

12  15 

54 

-61  43.6 

3.24 

0.33 

12  13 

28 

-61 

28.6 

6.8 

7.6 

4886 

Z  Centanri 

13  34 

17 

-31     7.6 

3.39 

0.31 

13  31 

44 

-30 

53.8 

_ 

7.2 

<11 

5134 

T  Lnpi 

14  15 

43 

-49  23.5 

3.94 

0.28 

14  12 

46 

-49 

11.0 

_ 

9.2 

11.2 

5191 

Y  Centanri 

14  25 

5 

-29  39.1 

3.52 

0.27 

14  22 

27 

-29 

26.9 

_ 

7.7 

8.8 

6192 

V  Centanri 

14  25 

23 

-56  26.7 

4.27 

0.27 

14  22 

12 

-56 

14.5 

-        6.7 

7.6 

5405 

Rl^  Librae 

15     0 

47 

-18  20.8 

3.39 

0.24 

14  58 

15 

-18 

10.1 

_ 

8.6 

11.7< 

5r)66 

RV  Librae 

15  27 

41 

-14  59.4 

3.35 

0.21 

15  25 

10 

-14 

50.0 

_ 

8.6 

<12 

5601 

S  Ursae  minoris 

15  33 

26 

+  78  58.4 

2.46 

0.20 

15  35 

18 

+  79 

7.3 

7 

8.4 

11.5 

6071 

RV  Scorpii 

16  51 

47 

-33  27.2 

3.92 

0.10 

16  48 

51 

-33 

22  7 

(> 

6.8 

7.6 

6170 

RW  Scorpii 

17     8 

18 

-33  19. 

3.93 

0.07 

17     5 

21 

-33 

15. 

_ 

9.4 

14.1 

6225 

RS  Herenlis 

17  17 

31 

+  23     1.1 

2.51 

-0.06 

17  15 

38 

+  23 

3.9 

_ 

8.0 

11 

6871 

V  Lyrae 

19     5 

9 

+  29  30.0 

2.35 

+  0.09 

19     3 

24 

+  29 

25.8 

_ 

9.1 

<12 

7155 

RR  Aqnilae 

19  52 

24 

-   2  11. 

3.12 

0.16 

19  50 

6 

_  2 

18. 

6 

8.4 

<12 

7162 

RS  Aquilae 

19  53 

42 

-   8  10. 

+  3.24 

+  0.16 

19  51 

16 

-  8 

17. 

- 

10.0 

<  12.4 
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1000.0 

1900 

1855.0 

Red- 

.Maiiiiiiiiili' 

No. 

Sur 

R.A. 

Dccl. 

Annual  Variation 

R.A.        '        Decl. 

ness 

Mag.           -Miu. 

7399 

W  Doli.liiiii 

V  Aquaiii 

Z  ('ai)riforiii 

V  I'egasi 
W  I'egasi 

h       ni       > 

20  33     7 

+  17  55.9 

+2.:;!     +0.21 

h       111       »    1                0        ' 

20  -M     4  i    +17  4f).(i 

9..1      <  1  2 

7435 

20  39     9 

-   5  12.0 

3.17          11.21 

2(1  .u;  4(;  1   —  5  21.6 

«..s    <i:! 

7590 

21     5     3 

-K;  o5.2 

3.;{.-.        0.24 

21      2  32 

-16  46.0 

9.0  '      ll.o 

7896 

21  56     2 

+   5  3,S.4 

.■!.00          0.28 

21   53  47 

+   5  25.6 

_ 

8.2  !  <13 

8369 

23  14  46 

+  25  43.5 

2.95  1       0.33 

23  12  34 

+  25  29.1 

8.1          10 

8598 

U  Pegasi 

23  52  53 

+  15  23.9 

+3.06  1   +0.33 

23  50  35 

+ 15     8.9 

U 

8.9  ,        9.7 

OBSERVATIONS   OF   COMET  ^  IS! >G. 

UK    AT   TUE    VASSAR   COI.LEOK    OllSKK  V  A  TOKV    «  I  I  II    1-J-1N<II    KVl  A  I  (llil  A  I,, 

By  Prof.  MARY  W.  WHITNEY  and  CAROLINE  E.  FUKXESS. 


No. 

P- 

-* 

a^'^  a) 

1896  (;rpi'n\vicli  M.  1. 

* 

C'OMll). 

/a 

III         8 

+  0  35.26 

'8   _ 

a 

March  3 

li       III       a 

16     9  56 

1 

8 

-1  45.1 

1   n  48.88 

4 

12  57  34 

o 

7 

+0     6.86 

+  6  38.1 

1   28  24.68 

15  14  51 

3 

6 

+  0  59.83 

+  5  19.3 

1   ;!0     6.34 

5 

13  55  12 

4 

8 

+  1  .57.10 

+  6     7.5 

1  46   13.67 

9 

14  23  37 

5 

8 

+0  51.86 

-1  55.1 

2  37  21.13 

12 

14  26  46 

6 

7 

+  2  41.60 

-7  37.3 

3     2  42.67 

13 

16  26  44 

7 

8 

+0  45.50 

+  7  57.0 

3  10     6.80 

iil)|i;iri'iil 


Mean  Places  for  1S9G.0  of  Comparison- S  fa  is. 


8 

l{f(l.   to 

Autlioritv 

app.  plari- 

+  51^47 

44.9 

+  12.4 

Roger.s,  Cambridge  .\st.  Ges.  Catal.  5K2              , 

+  51  37 

15.4 

+  13.8 

if               '■,             "        ■'         "      703 

+51  37 

54.7 

+  13.9 

i.      709 

+  51   25 

13.S 

-rl4.7 

.i(Ro;4ers,Caiiil>...\st.(Tes.Catal.S46  +  ("iii(in.248) 

+  49  .".(; 

31.6 

+  16.9 

Deiclimiiller,  I'.onii  A.G.  Catal.  2312 

+  48  .^S 

11.8 

+  17.2 

a                   fi           li           "      2619 

+  47  53 

44.8 

+  17.2 

■'         "          "     2730 

COMET  a  1896. 


On  the  evening  of  March  10  a  comniunicatidu  was  re- 
ceived from  Prof.  W.  J.  Hussev  of  the  Lick  Observatory, 
containing  new  elements  and  ephemeris  for  tliis  comet. 

By  some  unexplained  mishap,  the  paper  has  gone  astray, — 
this  accident  being  tlie  first  of  the  sort  since  the  re- 
establishment  of  the  Journal.  A  duplicate  coi)y  has  been 
reipiested  by  telegraph. 

Meanwhile,  in  order  that  those  American  astronomers,  who 
may  be  disposed  to  observe  the  comet,  may  not  be  without 
an  ephemeris,  that  published  on  p.  56"is  here  continued. 


Ei'I1k:mk.ki.s    K(ii;   ( 

IlIKK.NWK   11     Mil 

IN  iiilir. 

1890 

A  pp.  a 

App.  8 

log  A 

Ur. 

March  23.5 

h        111       6 

3  53  36 

-1-44'  29.1 

0.0935 

(1.05 

25.5 

3  59  22 

43  56.C. 

.1179 

.05 

27.5 

4     4  33 

43  27.2 

.1407 

.04 

29.5 

9  17 

43     0.6 

.1622 

.03 

31.5 

13  37 

42  36.0 

.182(i 

.03 

April      2.5 

17  .39 

42  13.7 

.201.S 

.0.". 

4.5 

4  21    22 

+  41  ."..•!..•; 

().22(Ml 

(1.02 

On  the  Vari 
Solar  Promi 
Observation 
Observation- 
Notation  OF 
Observation 
Comet  a  1890. 
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MTCROMETRICAL  OBSERVATIONS  OF  TITE  FOUR  SATELLITES  OF  THE  PLANET 
URANUS,  AND  MEASURES  OF  THE  DIAMETERS  OF   UEANUS, 

THE    LICK    OUSKKVATOnr   IN    1894    AND    1895, 

BARNARD. 

and  print  tliem  here.  It  will  be  seen  that  some  of  them 
are  rather  wild.  It  was  not  always  easy  to  tell  when  the 
thread  was  parallel  with  the  major-axis  of  the  disc  because  of 
the  smallness  of  the  image.  The  means  of  the  two  years, 
however,  differ  by  les.s  than  4°.  I  thought  this  elongation 
miglit  l)e  an  effect  of  instnunental  flexure,  or  of  atmos- 
pheric dispersion.  To  test  this  the  hour-angle  of  the 
planet  at  the  measures  is  given.  There  does  not  seem  to 
be  any  definite  relation  between  the  position-angles  and  the 
hour-angle  of  the  planet,  and  I  am  inclined  to  think  the 
apparent  ellipticity  was  real.  If  this  is  so,  and  the  position- 
angles  represent  the  true  position  of  the  equator  of  U7'anus, 
the  satellite  orbits  must  deviate  some  20°  or  30°  from  that 
plane.  In  all  the  measures  for  these  position-angles  the 
major-axis  of  the  disc  was  made  perpendicular  to  the  line 
between  the  eyes. 

In  1894  I  also  made  a  series  of  measures  of  the  apparent 
polar  and  equatorial  diameters  of  Uranu.t.  These  clearly 
show  the  ellipticity  of  the  disc,  and  indicate  a  large  polar 
compression  —  greater  even  than  tliat  of  Saturn  —  which 
would  imply  a  rapid  axial  rotation. 

In  my  measures  of  Neptune  and  his  satellite  with  the 
same  instrument,  I  have  never  been  able  to  detect  any  evi- 
dence of  a  polar 'compression,  though  such  has  beer,  care- 
fully looked  for.  The  present  position  of  tlie  orbit  of  the 
satellite  of  Neptu)ie,  however,  would  rather  discourage  the 
probability  of  detecting  any  compression  in  the  planet. 
This  same  objection,  however,  applies  in  the  case  of  Uranus 
with  still  greater  force,  because  we  are  looking  now  almost 
perpendicular  to  the  plane  of  the  satellite  orbits. 

The  absence  of  eccentricity  in  the  disc  of  Neptune  would, 
however,  rather  tend  to  show  that  the  ellipticity  in  that  of 
Uranus  is  not  an  instrumental  effect.  The  lower  altitude 
of  Uranus — from  its  southern  declination  —  may  be  re- 
sponsible through  atmospheric  dispersion  for  the  apparent 
elongation  of  the  disc.  Neptune,  from  its  greater  altitude, 
would  not  be  perceptibly  affected  from  this  cause.     I  sub- 

(73) 


madk  with  the  36-inoii  kefractob  of 

By  E.  E. 

During  the  years  1894  and  189/5,  while  connected  with 
the  Lick  Observatory,  I  took  up  the  measurement  of  the 
positions  of  the  four  moons  of  the  planet  Uranus.  This 
was  my  first  o])i)ortunity  to  do  the  work  with  the  great 
telescope. 

In  Monthlif  Notices  for  1894  Januairy,  Mr.  Makth  has 
called  attention  to  the  importance  of  observations  of  these 
objects. 

The  satellites  were  observed  at  every  opportunity  during 
the  two  oppositions,  and  the  measures  obtained  are  here- 
with presented.  The  two  inner  ones  were  usually  difficult 
objects,  even  with  the  great  telescope.  Under  ordinary 
conditions  Ariel  the  closest  was  usually  the  easier  of  the 
two.  Titania  and  Oiieron  were  always  more  or  less  easy, 
though  they  were  difficult  if  tliere  was  any  wind  to  disturb 
the  telescope. 

All  the  mea.sures  of  these  satellites  were  referred  to  the 
center  of  the  disc  of  Uranus,  and  were  made  by  the  method 
of  double  distances.  In  the  observations  for  each  satellite, 
I  have  given  first  the  observed  position-angle,  and  then  the 
means  of  the  measures  for  each  set  of  double  distances. 
All  the  times  are  Standard  Pacific  Time,  which  is  8'"  0"' 
slow  of  Greenwich.  I  have  not  applied  any  correction  for 
refraction  to  any  of  the  measu^res. 

During  tliese  observations,  I  was  struck  with  the  fact 
that  the  disc  of  Uranus  appeared  decidedly  elliptical, 
'iliis  was  specially  noticeable  when  one  of  the  threads  was 
placed  across  the  planet  in  the  distance-measures. 

A  series  of  settings  was  made  during  the  two  oppositions 
to  determine  the  position-angle  of  this  ellipticity  to  see  if 
it  agreed  with  the  position  of  the  orbital  plane  of  the  satel- 
lites. At  first  the  observations  seemed  to  indicate  that 
such  was  the  case,  but  the  wore  complete  measures,  extend- 
ing through  the  two  years,  seem  to  show  that  the  apparent 
major-axis  of  the  disc  does  not  agree  with  the  planes  of  the 
satellite  orbits. 

I  have  tabulated  all  these   measures   of   position-angle. 
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mit  the  measures,  however,  without  any  positive  claim  that 
the  appearance  is  not  in  some  way  diu'  to  the  low  altitudi' 
of  the  planet. 

Since  writini;  the  above,  1  liave  foiiiul  a  statement  in 
YouN(i's  Genertil  Astro  no  in;/,  that  is  very  inteiestint;  in 
connection  witli  my  observations.  In  sijeakinj;  of  I'l-iiniis 
Professor  Young  says : 

"The  disc  of  the  planet  sliows  a  decided  ellipticity 
about  ^'j  accordinjj  to  the  Princeton  ol)servatioiis  of  I880- 
which  as^ree  nearly  with  tiu)se  of  Sciiiai'akkmj.  There 
are  also  sometimes  visible  upon  tlie  ])lanet's  disc  certain 
extremely  faint  bands  or  belts,,  much  like  the  belts  of 
Jii/iUnr  viewed  with  a  very  small  telescope.  AVhat  is  exceed- 
ingly singular,  however,  is  that  the  trend  of  these  belts 
seems  to  indicate  a  jifmie  <if  nitufloti  nut  i-ninridtnij  with  the 
lilaiie  of  thv  siitt-l/i'tfs'  nr/'ltx.  Nearly  all  the  observers  who 
have  seen  them  at  all  find  that  they  are  inclined  to  tlie 
satellite's  orbit-plane  at  an  angle  of  from  15°  to  40°. " 

During  these  observations  a  careful  series  of  comparisons 
was  made  of  the  relative  light  of  the  four  satellites,  separ- 
ated into  two  groups.  Titan'ui  and  Olx'rnii  were  repeatedly 
compared  with  each  otlier:  in  the  same  manner  ^'Ir/c/ and 
Unihrifl  were  compared.  The  results  show  a  possible  vari- 
ation in  the  light  of  either  Titunia  or  tHierou.  or  in  both. 

Titania  and  Oheron  are  ordinarily  very  nearly  equal  in 
brightness.  The  observations,  however,  seemed  to  show  a 
variation  of  their  relative  light  amomiting  on  the  whole 
to  as  much  ius  an  entire  magnitude. 

Following  are  the  notes,  made  at  the  time  of  the  position- 
measures,  on  the  relative  light  of  Tlfmiin  and  Olmroii.. 

ISIM. 

.luly  Hi.  Tlfiiiiiii  is  \  to  .1,  magnitude  brighter  Llian 
(Mteron. 

July  22.  Possibly  Olimm  is  a  little  brigliter  than 
Titaniti. 

July  30.  Titani"  and  Olieron  are  eipial.  Possibly  Ti- 
tiiniii  is  a  little  bit  brighter  than  O/ifroii. 

1895. 

March  ;51.      Dberoii  is  .^  magnitude  brighter  than  Titniiin. 

April  14.      Oheron  is  ^-„  magnitude  brighter  than  Titimui. 

April  22.  Titania  is  perhajjs  ,-„  magnitude  brighter  than 
Oberon.     They  are  very  nearlj-  equal. 

May  ().      Titania  is  .i  magnitude  brighter  than  Obe.ron. 

May  19.  Titania  and  Oberon  are  so  nearly  alike  that  it 
is  im])ossible  to  decide  which  is  the  brighter. 

June  2.      Tifanin  is  ),  magnitude  brighter  than  Ohevan. 

June  3.      Titania  is  \  magnitude  brighter  than  Oberon. 

June  1().      Titania  is  \  magnitude  brighter  than  Oberon. 

June  17.      Titania  is  \  magnitude  brigliter  than  Oberon. 

June  24.     Oheron  is  ^  magnitude  brighter  than  Titania. 

July  7.      Titania  is  brighter  than  Olieron. 


i       July  14.      Titania  is  ]  magnitude  brighter  than  Oberon. 
•  luly  21.      Oberon  is  ,',  magnitude  brighter  than  Titania. 
Aug.  11.      Titania   is  about   ]    magnitude    brighter   than 
Oberon. 

Following  are  tlie  liglit-eomparisons  of  .trie/  and  I'm- 
liriel. 

189">. 
-May  ().      Ariel  is  \  magnitude  brighti-r  than  Umbriel. 
-May  12.     Arie/  is  .J  magnitude  brighter  than  Umbriel. 
May  19.      Arid  is  a  little  less  bright  than  Unibriel. 
June  30.      .\riel  is  \  magnitude  brighter  than   I'nihriel. 
Aug.  12.      Ariel  is  about  ]  to  .',  magnitude   l)rij,'liter  than 
Umbriel, 

It  will  be  seen  that  these  comparisohs  make  .\riel  abcnit 
\  magnitude  brighter  than  Unibriel.  and  this  seems  con- 
■stant,  except  on  May  19.  when  I'nihriel  was  a  little  the 
brighter;  this  in  all  probability  was  due  to  the  ditheulty 
of  seeing  .Iriel.  it  being  nior^  (dfected  by  the  ;,'lare  at)Out 
the  plaiu^t. 

In  the  case  of  Titmiin  and  Olirnm  the  coniiiarisons  were 
easily  made  beeau.se  both  these  satellites  are  far  enough 
awaj'  from  Urnnii.-i  not  to  be  affected  by  the  planet's  bright- 
ness. The}-  do  not  differ  much  in  dist:iiice  from  Urann.i. 
I  and  the  liglit-<.'omparisons  will  not  be  subject  to  much  un- 
I  eertainty.  That  there  is  an  ajiparent  variation  the  obser- 
vations I  think  show  conclusively;  whethiM-  this  is  real  or 
not  is  another  question.  Just  now  there  are  not  enough 
observations  to  definitely  settle  the  ipiestion.  T  shall 
hereafter  make  special  observations  to  decide  this  point. 
With  the  proper  observations  it  will  be  easy  to  tell  whether 
the  variation  is  real,  and  if  so,  to  single  out  the  variable 
satellite;  or,  if  both  are  variahle,  to  determine  all  the  ]ie- 
culiarities  of  variation. 

If  we  keep  either  satellite  in  a  eonstani  [losition-angle, 
and  com[)are  the  other  with  it  in  all  ]iosition-angles,  the 
source  of  variation  and  its  iiecnliai'ities  will  be  pointed 
out. 

4'u  test  this  with   the   present  coni)]aiisons  a  tabulation 

according  to  order  of  the  position-angles  was  made  for  the 

foregoing  estimates  of  magnitudes,  but  the  comjiarison  of 

;  these  observations  does  not  give  mucli  infornnition  as  to 

i  where  the  variability  lies. 

To  determine  whether  their  relative  ]>osition  in  the  field 
I  of  view  had  anything  to  do  with  their  variation  of  light, 
I  have  roughly  plotted  their  ])ositions  at  the  times  of 
observation.  The  result  shows  that  it  does  not  seem  to 
make  any  special  difference  as  to  whicii  is  riglit  or  left,  but 
there  does  seem  to  be  a  relation  between  which  is  u])])er- 
most  in  the  field  of  view,  and  its  brightness. 

In  every  case  where  Oberon  was  ujjpermost  'I'ltniiiu  was 
the  brighter,  and  in  every  case  where  I'ifania  was  upper- 
most Oberon   was  the   brisrliter.      When   the  two  were  near 
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tlie  same  hoiizdiital  line   they  were  ecjual  —  either  of  the 
satellites  being  right  or  left. 

It  would  appear,  therefore,  that  the  ai)pareiit  variation 
of  light  is  ])rol)al)ly  due  to  a  physiological  ett'ect,  and  that 
my  eye  has  a  tendency  to  make  the  lower  of  two  equal 
lights  appear  the  brighter  by  about  .',  magnitude.  It  would 
also  seem  from  this  that  the  two  outer  satellites  of  Uranus, 
Tifania  and  Ohrron,  are  as  nearly  equal  iu  brightness  as 
they  can  be,  and  that  so  far  as  these  obsei-vations  show, 
they  are  probably  constant  in  their  light. 

As  a  verification  of  the  above  statement  a  new  tabulation 
was  made,  which  showed  that  in  every  one  of  the  ten  cases 
the  satellite  which  was  uppermost  was  fainter. 

The  observations  also  show  that  as  the  two  ueannl  a,  hori- 
zontal line  they  became  more  nearly  equal  in  their  light. 

Fortunately  this  is  a  question  that  can  be  readily'  settled 
by  future  oljservations.  I  am,  however,  rather  convinced 
that  the  variation  of  light  is  not  real,  though  it  seemed 
very  certain  at  first  that  it  was. 

Following  are  the  measured  position-angles  of   the 
parent  ellipticity  of  the  disc  of  Umniis. 


ap- 


I'osition-Anglks   of   the    Ma.iok-Axis 
Uranus  in   1894-5. 


18!>4 

April  23 
29 
30 

May       6 


21 
27 
28 

June  11 
18 

July 


i8or> 
Mar. 
Apr. 


8 
22 
29 
30 

Means 


4 

s 

14 
21 


13  i)0 
12  40 
12  30 
12  15 
11  40 

10  30 

11  14 
1(1  (I 
10  5 
10     0 

9  0 
8  15 
8  5 
8 


0 


17  0 
15  10 
13  45 
13  40 


P.A. 

25^5 
11.3 

16.8 
19.5 
12.3 

7.0 
49.5 

7.1 
30.1 
43.6 
40.6 
40.0 
32.8 
17.3 
25.27 
I'.A. 

o 

54.5 

35.7 
12.2 


OF    THE   Disc 


Hour- Angle 
ii  111 
1  7  W 
0  21  W 
0  10  W 
0  25  W 
0     5  £ 

0  19  E 

1  30  E 
0  20  E 

0  42  \V 

1  5  W 
1  25  W 
1  35  W 
1  52  W 
1  51  W 


oi-.e  W 

Hour-Angle 
ii      m 

0  34  W 

1  5  W 
0  5  W 
0  28  W 


Apr. 
May 


.luup 


24 


i;; 


12 

11 
n 

10 


I'.A. 

Mour-Angle 

(1 

1 4.3 

0      8  E 

.■)() 

52.0 

1    16  W 

t> 

10.5 

0  20  W 

25 

30.3 

0  39  W 

25 

ll.S 

1      5  W 

35 

26.8 

1    19  W 

40 

29.4 

1   52  W 

Means 


29.1 


0".7     W  • 


I'oL.^li     ,\NT>    E(n'ATOKIAI,    DlAMETKKS     OK     UrillUIX,     1894. 


April 
Mav 


21 

28 
June  11 

18 
July     8 

29 


l*oIar  Obs. 

r/ 

4.46 
4.22 
4.07 
4.28 
4.20 
4.18 
4.15 
4.45 
3.99 

Means 


'olar  A 

Kquat.  Oljs. 

Kquat.  A 

4.11 

4.65 

4.30 

3.88 

4.32 

3.97 

3.74 

4.24 

3.90 

3.94 

4.50 

4.14 

3.88 

5.15 

4.76 

3.88 

4.34 

4.03 

3.87 

4.24 

3.96 

4.22 

4.39 

4.16 

3.85 

4.23 

4.08 

3.930 


4.150 


A  represents  the  observed  values  reduced  to  distance 
19.18329,  the  mean  distance  of  Uranus  from  the  sun. 
These  correspond  to  a  mean  diameter  of  34  900  miles. 

On  account  of  the  unknown  position  of  the  polar-a.xis  of 
Uranus  no  correction  can  be  a])plied  to  the  polar  measures 
for  inclination. 

Following  are  the  measured  position-angles  (P.A.)  and 
distances  (A)  of  the  four  satellites.  The  second  distance 
in  each  case  being  made  with  the  threads  in  a  reversed  po- 
sition to  that  of  the  first.  Usually  these  are  each  the  mean 
of  three  settings  of  the  threads,  while  the  position-angle  is 
the  mean  of  four  settings. 

I  regret  that  it  was  not  possible  to  make  these  obser- 
vations more  continuous  —  on  a  greater  number  of  days. 
The  orbits  seem  to  be  pretty  well  covered  with  the  measures, 
however. 

In  these  measures  a  power  of  350  was  mostly  used, 
sometimes  520.  For  the  diameters  of  Uranus,  however,  a 
power  of  1000  was  uniformly  employed. 

In  these  and  all  other  observations  that  I  have  made 
with  the  36-inch,  the  full  aperture  has  always  been  used. 


Std.  Pac.  T. 


P.A. 


Obs. 


Std.  Pac.  T. 


Obs.    Std.  Pac.  T. 


Obs. 


Notes 


18',I4 

Apr. 

16 
23 

29 

30 

May 

6 

i 

June 

18 

li       m     s 

13  46  33 

12  21  25 

13  3' 
12  2o 

11  54 

12  14 
1 1  56  42 
10  39  17 


55 
30 

57 
1 


o 

190.8 

4 

107.6 

3 

116.4 

4 

237.1 

4 

19.6 

4 

165.3 

4 

307.7 

4 

176.2 

4 

h       in     8 

U 

13  54    0 

14.86 

3 

13  43  43 

13.18 

o 

•5 

12  31  16 

13.35 

3 

12    4  50 

14.41 

3 

12  18  30 

14.38 

3 

12    1  58 

13.05 

3 

10  48  54 

14.69 

3 

Ariel. 

h       ni     8 

13  59  6 
13  47  18 

12  34  34 
12  7  50 
12  21  58 
12  4  40 
10  52  16 


13.65 

3 

13.00 

3 

13.04 

3 

14.70 

3 

14.01 

3 

13.21 

3 

14.83 

3 
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.(/•/■(•/.  —  Contin. 


IMH 

Julv 

1 

If'X 

Jlur. 

2 
31 

Apr. 

8 
29 

Mav 

5 

6 

12 

19 

.luiie 

•) 

3 

30 

Julv 

1 

15 

21 

9 


51  33 
18  50 
32  3 
49  48 
17  31 
3(;  12 

10  45  12 
9  34  9 

11  0  24 
9  34  51 

10  1  2 
9  24  15 
9  IS  48 


o 

215.3 

4 

6.1 

4 

9.4 

4 

72.3 

4 

177.6 

4 

318.8 

4 

,    96.0 

4 

'  223.4 

4 

147.4 

4 

338.7 

4 

132.8 

4 

15.6 

4 

262.4 

4 

358.7 

4 

136.4 

4 

A,.r. 
1  iluy 


29 

30 

6 


Julv  1 


I  SOS 

Apr. 
iLay 

June 


July 

Auk. 


8 
*>•) 

12 

19 

9 

17 

30 

8 

12 


ISSM 

Apr. 
May 

30 

f 

21 

28 

June 

11 

18 

24 

25 

July 

1 
8 

9 

Apr. 


15 
16 
22 
23 
29 
30 
1 
14 
21 

22 
28 


12  13  0 

12  33  13 

9  55  0 

9  24  18 

10  15  30 

10  23  11 

10  56  18 

10  44  52 

9  57  12 

9  53  31 

9  41  35 

9  26  19 

8  55  19 

8  55  3 

8  24  3 

9  11  23 
8  38  42 
8  19  27 

13  43  35 

14  38  49 

12  20  12 

13  29  57 

13  40  49 

14  41  48 


116.5 

38.9 

255.4 

186.2 

41.8 

341.4 

342.1 

218.5 

162.7 

157.2 

79.6 

127.7 

10.3 

47.3 

303.4 

345.8 

41.8 

267.8 

332.2 

50.8 

70.7 

74.3 

119.7 

6.9 


in     8 

20  22 

13.63 

3 

27  48 

14.59 

3 

58  16 

14.44 

3 

25  19 

13.86 

3 

38  14 

14.34 

.> 

58  26 

13.60 

.s 

24  10 

13.28 

3 

41  26 

13.68 

3 

51  20 

14.00 

3 

39  28 

14.51 

.". 

6  24 

13.66 

i> 

42  16 

15.04 

3 

4  54 

15.27 

3 

33  15 

14.83 

3 

27     4 

13..13 

•  > 

h       m     s 

12  47  30 

35.6 

4 

11  40  21 

126.6 

4 

12  27  12 

287.8 

4 

12    9  29 

12.5 

4 

9  31  42 

99.9 

.> 

10    5  28 

189.3 

3 

9  27  39 

353.8 

4 

13  25  15 

180.3 

4 

11  50  24 

115.0 

4 

11    3  12 

358.2 

4 

9  42    0 

15.4 

4 

9  50  36 

356.4 

4 

10  14  32 

39.1 

i) 

9    3  15 

14.9 

4 

8  43  21 

325.9 

4 

9 

9  : 
14 
15 
12 
12 
12 
11 
10 

9 
11 

9 
10 

9 

9 


12  53  4 

11  47  18 

12  34  49 

12  16  IS 

9  52  42 
9  32  48 

13  31  30 
11  56  30 
11  10  55 

9  47  55 
9  57  0 
10  23  28 
9  9  25 
8  53  3 


12  18  13 

12  37  36 
10  0  43 

9  30  8 
10  26  2 

10  28  28 

11  1  12 
10  49  30 
10  3  43 
10  2  36 

46  20 

31  28 

0  24 

59  30 

8  28  32 

9  18  6 
8  43  6 
8  24  20 

13  49  18 

14  44  8 


13  34  16 

13  45  31 

14  48  13 


28.98 

31.85 

28.88 

34.14 

31.27 

32.35 

32.37 

30.90 

27.27 

32.48 

27.72 

28.79 

32.53 

29.54 

27.50 

31.97 

29  67 

26.65  I 

33.11  I 

32.87  i 

30.16  ' 
30.91  , 
33.86 


9 

9 

15 

15 

12 
13 
12 
11 
10 
>.) 

11 
9 

10 
9 
9 


24  10 

31  46 

2  34 

29  2 

41  56 
2  44 

27  20 
44  40 
54  30 

42  58 
9  18 

52  0 

7  6 

37  40 

30  12 


13.31 

3 

14.79 

3 

14.60 

3 

13.34 

3 

15.17 

3 

13.77 

.'> 

13.08 

•  > 

14.00 

3 

14.34 

3 

j  15.00 

3 

13.37 

3 

14.47 

.3 

14.51 

.*> 

14.79 

3 

1 3.95 

■' 

19.51 

t} 

17.63 

•  y 

17.88 

3 

20.61 

3 

19.71 

3 

20.09 

3 

20.45 

.*> 

18.68 

4 

20.41 

3 

19.20 

3 

20.64 

3 

18.10 

3 

19.65 

3 

19.54 

4 

Umbnel. 

li   ni  8 

12  56  6 

11  50  8 

12  38  12 

12  19  0 

9  5G  52 
9  36  54 

13  35  0 
12  0  9 
11  13  55 

9  52  48 
10  0  0 
10  34  56 

9  13  42 

Tit  an  id. 


3 
3 
3 
3 
3 
3 
3 

o 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 


12 

12 

10 

9 

10 

10 

11 

10 

10 

10 

9 

9 

9 

9 

8 

9 

8 

8 

13 

14 


21  54 

41  7 

4  36 

32  52 

31  46 

32  6 

4  42 
52  46 

7  10 

5  48 
50  30 
35  26 

3  26 
2  26 
31  16 
21  40 
46  30 
27  38 
52  6 
48  10 


13  48  46 

14  52    8 


Wind  shnkin;,'  the  teU-soopc  badly.     Tin-  other 
satellites  could  not  be  measured. 


Satollito  very  faint. 


.Vbout  13>'.    Pretty  bright.    From  the  brijj;ht- 
ness  of  this  object  it  was  probably  a  star. 


19.57 

.•^ 

17.72 

t» 

18.01 

.  > 

20.28 

•  > 

19.31 

3 

20.03 

3 

20.50 

3 

18.35 

4 

20.05 

3 

20.07 

3 

19.21 

18.85 

4 

20.63 

3 

Satellite lostbef ore  distance  could  be  measured 


.Satellite  dirticuU 


Too  faint  iind  low  for  double  distance. 


29.19 

3 

31.76 

3 

28.13 

3 

34.58 

3 

30.81 

3 

32.12 

3 

32.12 

3 

30.97 

3 

27.20 

3 

31.71 

3 

27.47 

3 

28.23 

3 

32.70 

3 

30.13 

3 

27.32 

3 

31.72 

3 

29.68 

3 

26.08 

3 

32.40 

3 

32.95 

3 

29.90 

•    3 

30.91 

3 

j  33.73 

3 

'Plie  two  sets  of  measures  on  this  date  evi- 
ilently  refer  to  the  same  object,  thouiih  it 
was  not  so  intended.  1  have  a  note  to  the 
first  observation  sayini;:  "  Oberon  is  10" 
north  preceding  it."  This  must  have  been 
a  fixed  star  instead  of  Oberon. 


Clouded  here.     Cleared  again. 


I 

i 
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T'ifanin.  —  Contiii. 


.Vpr. 
.Mav 


.1  Illy 


Alls. 


29 

5 

(i 

13 

19 

20 

2 

3 

9 

10 

k; 

17 
24 

;;o 

7 
8 
14 
15 
21 
22 
5 
11 
12 
18 


1894 

May  21 
28 

June  11 
24 
25 

July  1 
8 
9 
15 
16 
22 
23 
30 

Alii,'.  5 

is'j;. 

Mar.  4 

Apr.  1 
14 
21 
22 
28 

May  6 
13 
19 
20 

June  2 

9 
10 
16 
17 
24 
30 


12  20  21 

13  11  42 
11  60  0 
10  21  49 

10  32  IS 
9  48  18 
9  19  5 

11  13  55 
9  7  25 
9  45  24 

8  53  27 
10  14  52 
1 0  25 

S  53 
10  4 

9  47 
9  25 
9  56  43 

8  47  48 

9  0  12 
8  21  21 
8  8  45 
8  18  26 
7  58  21 


10  10  35 
9  42  13 
10  37  13 
10  58  5 
10  12  30 

10  10  27 
9  56  48 
9  39  30 
9  7  13 
8  40  15 
8  36  15 
8  51  11 
8  32  9 

8  13  54 

17  15  50 

13  57  10 

14  56  30 
13  52  27 

13  8  48 

14  58  2 

11  36  54 

10  35  51 

11  20  49 

9  59  55 

10  14  54 

11  0  30 
9  22  54 
9  58  0 
9  7  42 

10  26  27 
10  13  48 


41.3 

4 

296.0 

4 

335.9 

4 

258.4 

4 

151.8 

4 

186.8 

4 

5.1 

4 

45.8 

4 

297.2 

4 

340.5 

4 

219.4 

4 

267.4 

4 

194.2 

4 

80.3 

4 

13.0 

4 

50.8 

4 

305.8 

4 

347.0 

4 

225.4 

4 

271.1 

4 

133.6 

4 

15.9 

4 

54.9 

4 

310.9 

4 

16 
55 
26 
37 


16 
.■!4 
38 
54 
20 
52  56 
24  26 
20  48 
12  8 
50 


9 


0 
18 
20  0 
31  34 
59  12 

9  2 
52  48 
29  24 

1  38 
52  36 

7  48 
2()  38 
13  0 
23  1 6 

6  10 


9  10 


210.6 

4 

36.4 

4 

51.9 

4 

39.6 

4 

66.4 

4 

225.2 

4 

52.3 

4 

82.2 

4 

238.7 

4 

269.9 

4 

66.3 

4 

99.3 

4 

287.4 

4 

82.9 

4 

337.5 

4 

360.6 

4 

350.5 

4 

175.9 

4 

199.5 

4 

4.2 

4 

210.6 

4 

36.3 

4 

198.9 

4 

OOO  9 

4 

210.8 

4 

212.3 

•> 

36.6 

4 

64.8 

■  4 

223.3 

4 

253.3 

4 

81.8 

4 

238.4 

5 

10  16  56 
9  50  27 

10  42  24 

11  3  11 
10  18  38 
10  15  44 
10  3  12 

9  46 
9  11 
8  46 
8  42 
8  59 
8  36  22 
8  19  42 


17 
14 
15 
14 
13 
15 
11 
10 
11 
10 

11 
9 

10 
9 

10 

10 
9 


21  40 
2  0 
2  28 

1  7 
14  42 

2  20 
41  6 
41  4 
26  0 

3  56 

5  47 
28  2 

3  52 
12  18 
30  4 
18  0 
17  34 


31.55 

3 

30.45 

3 

32.68 

3 

29.63 

3 

32.33 

3 

34.26 

33.81 

3 

31.24 

(> 

29.37 

3 

32.76 

3 

31.23 

3 

28.23 

,'> 

33.63 

•  > 

29.07 

O 

32.85 

3 

29.91 

3 

29.10 

3 

31.92 

3 

2l).86 

3 

27.78 

3 

29.25 

3 

31.75 

3 

28.98 

3 

28.71 

3 

43.98 
43.40 
40.71 
41.92 
38.76 
40.44 
39.04 
36.66 
38.24 

.-»  ,—  /»  r- 

36.80 
35.72 
35.31 
35.62 

43.81 
44.53 
45.02 
45.17 
45.04 
45.67 
43.44 
43.59 
44.83 
42.58 

43.37 
42.63 
40.32 
42.26 
39.27 
38.70 
39.76 


12 

13 

11 

10 

10 

9 

9 

11 

9 

9 

9 

10 

10 

9 

10 

9 

9 

10 

8 

9 

8 

8 

8 

8 


27  22 
19  54 
58  37 
29  42 
40  18 

55  38 
26  42 
23  22 
15  46 
52  54 

3  40 
22  34 
33  57 

4  10 
12  10 

56  28 
32  46 

4  26 
65  48 
10  34 
29  42 
15  40 
26  0 

8  40 


31.61 

3 

30.48 

3 

33.31 

3 

30.05 

3 

32.99 

3 

33.97 

3 

33.69 

3 

31.17 

3 

29.93 

3 

33.20 

3 

31.09 

3 

28.93 

3 

33.17 

3 

2S.76 

O 

32.86 

3 

29.83 

3 

29.13 

3 

32.93 

3 

30.17 

3 

27.99 

3 

29.37 

3 

31.74 

3 

28.86 

3 

28.56 

3 

Oberon. 


h   III  s 

10  20  0 

44.71 

9  66  2 

43.22 

10  45  46 

40.28 

11  7  16 

41.28 

10  22  20 

37.96 

10  19  7 

40.61 

10  6  54 

39.63 

9  49  66 

36.27 

9  14  48 

38.11 

8  49  36 

36.11 

8  45  30 

37.16 

9  3  68 

36.09 

8  39  42 

36.45 

8  23  13 

35.17 

14  6  42 

45.34 

16  5  16 

44.85 

14  6  14 

45.71 

13  18  10 

44.83 

15  5  14 

45.77 

11  45  8 

43.90 

10  45  42 

43.92 

11  28  54 

44.96 

10  6  40 

42.13 

11  9  8 

43.45 

9  30  42 

42.27 

10  8  31 

40.19 

9  15  16 

41.98 

10  32  40 

39.42  : 

10  20  57 

38.90 

9  21  24 

39.69 

Observations  interrupted  before  fiuiuslicd. 


Observations  interrupted  here. 


'  Tliere  is  a  small  star,  .slightly  less  than  the 
satellite,  l"-2"n.f.        Did  not  see  it  until 
after  the  Krst  measures;  the  two  last  are  of 
the  brighter  object." 
(^iis.  —  Which  was  the  satellite  ? 


78 


TllK     ASTRONOMICAL     JOntNAI, 


N°-  370 


St«I.  I'ac.T.    I'.A.      Obs.   Sta.  PacT 


Obs.  Std.  PacT, 


Obs. 


Xotes 


isa:. 

Jiilv 
Juh- 


Any 


8 
14 

I.". 
•.'I 


11 
12 


It      II)     > 

o 

«»  51  24 

(57. (i 

4 

!)  2t;  40 

517.5 

4 

11  10  51 

253.4 

4 

■.1  43  10 

285.9 

4 

8  30    3 

Sl.C. 

4 

<t  15  3.'! 

ll.S.O 

4 

s  .".s  ."■>;; 

r.'o.o 

4 

S  IS  54 

28(;.4 

4 

8    0  11 

314.8 

4 

ohi'voii.  — Contin. 

h        III      s              ' 

h       III     s 

If 

9  50    0 

3;i.0<i 

3 

9  59  30 

38.92 

9  32    4 

.•{8.08 

3 

9  41  30 

38.26 

9  1(!  12 

38.24 

3 

9  19  46 

37.63 

9  47  2() 

37.92 

3 

9  50  42 

37.47 

8  34  38 

37.49 

3 

8  40    0 

37.40 

9  20  34 

38.20 

3 

9  23  36 

38.45 

8  43    2 

39.29 

3 

8  45  58 

39.44 

8  22  42 

3(5.71 

. ) 

S  2(1  20 

37.27 

8    G  20 

39.97 

."> 

S    <.l  5(5 

39.0(5 

Kenwood  Ohnertalnry,  Chicago.  III.,  1805  Dec.  21. 


OHSKKVED    M.V.XIMA   AISTD  MINIMA   OF  8r,<»8  U  PEGASI, 

By  PAUL  S.  YEXDELL. 


Since  iniblisliiiii,'  iny  observations  of  lliis  star  in  Vol.  XV 
of  this  Jounial.  p.  191,  1  have  observed  .seven  minima  and 
six  maxima,  as  follows: 


.Minima 

wt. 

M.\XIMA                           Wt. 

<l      h         III 

.S95  Nov.  1 1    7  57 

3 

189r 

Nov.  11    10  21       4 

16  9     8 

4 

16     7  18       4 

27  7     4 

3 

27     8  32       4 

Dee.    8  8  36 

4 

Dec.     6     8  10       3 

14  8  10 

4 

14     5  50       3 

15  6  44 

3 

16     8     4        4 

19  9     7 

4 

minimum  observed 

189 

5  Jul 

V  30,   1 2''  47'".  has  been 

accidentally  omitted  in  the  fovmer  paper. 

The  interval  from  minimum  to  maximum  seems  not  to 
be  constant ;  ranging,  in  the  above  observations,  from  P  28"" 
to  3""  41"'. 

Dorchester,  Masn.,  1896  February  22.  


The  large  anomalies  noted  by  Cha.ndlku  and  myself  in 
the  observed  jihases  of  the  star  cuntinue  to  jiresent  them- 
selves in  the  above  phases. 

Their  realitj'  is  strongly  indicated  by  tlic  clnsc  coinci- 
dence of  his  observations  with  my  own  in  the  phases 
simultaneously  observed  by  both. 

An  examination  of  the  residuals  thus  far  obtaiucci  gives 
no  clew  to  the  law  of  these  anomalies,  and  no  elements  in 
anj'  degree  approaching  finality  can  be  arrived  at  luitil  at 
least  one  more  season's  observations  are  available. 

It  is  earnestly  hoped  that  all  observers  having  optical 
means  sufficient  for  good  determinations  of  the  minima 
will  exert  themselves  to  observe  as  many  phases  as  jios- 
sible,  so  that  we  may  have  available,  at  the  close  of  the 
next  season's  observations,  as  nearly  a  continuous  series  of 
observed  phases  as  may  be. 


ELEI^IENTS   AND   EPHEMERIS   OF   COMET  ct  18!)G, 

Hv  WILLIAM    .1.  HUSSEY. 


i'.\  mistake  in  translating  telegram  of  Kiel  observation 
(Feb.  13)  of  Comet  c  1895  (Perrine),  a  wrong  position  was 
obtained.  Mr.  Pkkkink  examined  this  ]iosition  the  next 
morning  and  discovered  Comet  a  1896. 

From  Mr.  Pkkrise's  observation  at  the  time  of  discovery, 
Feb.  15,  and  my  observations  of  Feb.  20  and  25,  I  have 
computed  the  following  elements  ami  ephemeris. 


1896  Jan.  31.77508  Gr.  M.T. 


to    ^ 

Si  = 

log  7 


358  21  24.7  ) 
208  52  26.1  [ 
155  45  37.2  ) 


Equin.  1896.0 


=   9.768844 


For  the  middle  place  (O  — C), 

//;.cos/J  =  +2".0;    J^  =  -2".0; 
Mt.  Hamilton,  Cat.,  1896  March  16. 


tan(;.-0)  _ 
si  up' 


■1.066 


Constants  for  the  e(iuator: 

.,■  =  ;-[9.991294]  sin(241°39  46'.0  +  ») 
y  =  r  [9.8.580(50]  sin  (320  27  36.8  +  y) 
s   =   j'[9.857(551]  sin  (342  53  14.2  +  c) 

EpHEMKKIS    FOK    GkEKNWIOH    MlD>'lr.HT. 


1896 


.\pp.  a 


App.  8 

+  44°  47.4 
43  42.6 
42  49.0 
12  4.4 
41  27.0 
40  55.4 
40  28.5 
40  5.5 
39  45.8 
+  39  29.1 

Brightness  Feb.  15.0  is  taken  as  unity.     The  comet  is  fol- 
lowing  closely  the    ephemeris  computed    from    the    above 
I  elements. 


Marcl 

i22.5 

3  50  16 

26.5 

4     I   51 

30.5 

4  11   19 

April 

3.5 

4  19  21 

7.5 

4  26  21 

11.5 

4  32  4(5 

15.5 

4  38  34 

19.5 

4  43  58 

23.5 

4  49     3 

27.5 

4  53  53 

log  A 

Br. 

0.081 

0.06 

0.130 

0.04 

0.173 

0.03 

0.211 

0.025 

0.246 

0.019 

0.277 

0.015 

0.305 

0.012 

0.331 

0.010 

0.354 

0.009 

0.376 

0.007 

N"-  370 
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FILAK-MICli()Ml^]'rER   OBSERVATIONS   OF   COMET  c  1895   (swift), 

M.\1)K    WITH    TIIK    2(!-I\(  II     Kl;l   A  rolM  AI.    <)1'    TIIK    I,l';.\  .NDKl!    M<^C'OH  JIRK    OliSK  l!V  AlO  U  V    (II'    TIJ  rO    I'.NIVKKKITY    OK    VlIidlNIA, 


hy  ormond  stone. 

ppiinMil 

s 

1895  ChailottesvilleJl.T. 

* 

No. 
CoiiiiJ. 

Ja. 

-* 

a 

1"K 
for  a 

.A 
forS 

h       111      s 

Nov.  12     11  13  59 

13 

28,4 

in       8 

-0  49.79 

/       // 

+  7  17.1 

Ii        III       a 

o            '           » 

9.144 

0.693 

13       9  38  39 

14 

12  .  1 

-3  18.31 

-1  44.0 

1    ;!2  39.11 

+  ;;  5(;  .•J4.2 

«S.650 

0.(;91 

IS       8  2,S   14 

15 

48,2 

-0  26.37 

+  2     1.1 

9.17(1 

0.690 

8  28   14 

16 

48  ,  2 

-0  27.94 

+  1     5.1 

9.176 

0.(i90 

Dec.  1."     10     (;  54 

17 

4,2 

+  4     5.84 

+  1     5.4 

1  o6  58.31 

+  (!   46  50.0 

9.310 

0.664 

10     7  50 

IS 

6  ,  0 

-0  27.59 

1  53  58.17 

9.390 

14       9  17  59 

20 

15  ,  4 

+  0  24.69 

-3     7.6 

1  54  54.17 

+  6  53  49.7 

8.890 

o.fi.'.s 

16       9  40     6 

21 

16  ,  4 

-0  17.22 

-2  14.9 

1   56  53.13 

+  7     8  30.9 

9.241 

0.658   ! 

Mean  Places  for  1S95.0  of  Compariso7i- Stars. 


Ked.  to 

Red.  to 

* 

a 

ap]!.  place 

s 

app.  place 

Authority 

h        III      6 

8 

0         '          // 

rt 

14 

1  35  53.32 

+  4.10 

+  3  57  51.4 

+  26.8 

Boss,  Albany  A.G.Catal.  473 

17 

1  49  48.38 

+  4.09 

+  6  45  18.8 

+25.8 

2  observations,  Dr.  I'eter,  Leipzi.i;- 

18 

1   54  21.64 

+  4.12 

+  6  47  ± 

+  25.7 

Coiiip.  with  Ji<17 

19 

1  53  28.81 

+  4.11 

+  7     1   16.3 

+  25.7 

2  observations,  Dr.  I'eter,  Leipzig 

20 

1  54  25.36 

+  4.12 

+  6  56  31.6 

+  25.7 

Conip.  witli  ^  19 

21 

1  57     6.22 

+4.13 

+  7  10  20.2 

+25.6 

Bessel's  Zone  1 18 

OBSERVATIONS   OF   COMET  a  189G, 


'incinnati  M.T. 

MARK    AT   THE   CINCINNATI   OBSEK VATOK Y, 

By  J.  G.  PORTER. 

pparent 

8 

l.SO()  ( 

* 

No. 
Comp. 

/Ja 

-* 

#'sa 
a 

log 
for  a 

('A 

for  8 

Marcl 

h       in        s 

1    4     7  33  56 

7     9  20  19 

13     9  31  32 

16     9  29  21 

1 

2 

4 

12 
10 

8 

111         s 

-0  30.69 
+  0  45.60 
+  0  40.09 
-1  54.88 

+  6     7.6 
-1     3.3 
-4  15.4 
+3  23.5 

h         111       s 

1  28  35.81 

2  15  17.24 

3  9  45.65 
3  26  45.02 

+  51  44  16.2 
+  50  47  59.9 
+  48     2  55.1 
+  46  48  18.4 

9.853 
9.860 
9.836 
9.825 

0.303 
0.574 
0.545 
0.537 

Mean  Places  for  1896.0  of  Comparison- Stars. 


CORRECTION   TO   THE   EPHEMERIS   OF   COMV/V  a  1896. 

Hv  A.  ().   LEUSCHNER    anh    F.  II.  SEAKES. 


ill  no.  367  of  tlie  Astroiioiiiicul  ■JourttiiJ,  tlie  difference, 
O  — C,  between  tlie  Northtield,  Minn.,  oliservation  of  Feb. 
21.9885  Gr.  M.T.,  and  the  ephemeris  computed  at  the  Stu- 
dents' Observatory,  Berkeley,  is  given  as  —32'  and  +14'. 
Tlie  last  of  tlie  observations  so  far  secured  herewith  tlie  6-inch 
equatorial  gives  the  following  position  for  the  comet  (cor- 
rected for  parallax  and  aberration)  :  1896  March  12.710534 

University  of  California.  Student.i'   Ohxervator y ,  1896  March  15 


Gr.  M.T.,  a  =  .'!''  3'"  .•!2».41  ;  »  =  +48°  28'  6".0.  This 
oliservation  gives  the  following  corrections  to  the  epheme- 
ris on  March  12,  0—C,  +  13".  7  and  —39".  As  the  epheme- 
ris of  Dr.  Chandler,  whose  orbit  is  based  on  the  Northfield 
observation,  agrees  closely  with  the  Berkeley  ephemeris,  it 
would  seem  that  the  residuals  printed  in  no.  367  are  erron- 
eous. 
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OBSERYATIO^sS  OF   COMET  ct  1895  {^wift), 

MADE    AT   TIIK    (11 A  M  liKULIX    onsEItV  ATtlUY,    I  NlVKKSllY    PAltK,    COl.OKADO, 

By  nHUHEKT  A.  HOWE  and  JOHN  DICKEUMAN. 


UniversitN  Park  M 

T. 

* 

No. 

^- 

-* 

#^'s  appavfiit 

log 

pA 

Conip. 

Ja 

./8 

a 

b 

for  a 

for  8 

IWlo 

h        III       8 

Ul          U 

'              H 

b      II 

s 

O           ' 

a 

Dec.    4 

6  55 

44 

rt 

8,5 

-0     8.93 

+  23  13.7 

1  45 

54.10 

+  5  44 

53.7 

W9.342 

0.696 

i 

;)  2(1 

•) 

h 

10  .  5 

-1   21.44 

+  9  30.5 

1   48 

31.20 

+6     5 

17.2 

8.878 

0.686 

•t 

10  10 

56 

c 

10,  5 

-3  Kt.GO 

+   8  53.4 

1   50 

19.3() 

+  6  19 

7.5 

9.265 

0.688 

IL' 

8     0 

\2 

d 

10,5 

-1  45.71 

+  14  47.1 

1  53 

0.31 

+  6  39 

43.6 

mS.722 

0.678 

8  35 

5 

e 

10,5 

+  7  40.16 

-25  49.7 

1  53 

2.01 

+  6  39 

37.6 

8.222 

0.678 

9  11 

56 

f 

10,  5 

-3  24.34 

+  21  53.0 

1  53 

3.97 

+  6  39 

58.6 

8.952 

0.680  1 

10  41 

8 

!f 

10,5 

+  4  55.18 

-26  59.6 

1  53 

6.29 

+  6  40 

25.6 

9.402 

0.680 

M 

8     0 

15 

h 

10,5 

-4  28.07 

-20  22.5 

1  54 

54.69 

+  6  53 

58.4 

7(8.610 

0.676 

9     9 

38 

i 

10,5 

+  8  42.03 

-   9  32.9 

1   54 

59.1(1 

+  6  54 

14.0 

8.985 

0.677 

9  47 

55 

j 

10,5 

-2   13.98 

-22  54.3 

1   55 

0.51 

+  6  54 

38.9 

9.229 

0.681 

18 

8  55 

56 

k 

10,5 

+  2  34.32 

+   1  35.1 

1   5S 

57.86 

+  7  23 

32.1 

8.968 

0.671 

9  56 

33 

I 

10  ,  5 

-0  17.05 

+   3     2.5 

1  59 

0.90 

+  7  24 

10.0 

9.315 

0.678 

19 

7  59 

8 

III 

10,  5 

-0  44.70 

-14  22.1 

1   59 

58.91 

+  7  30 

54.1 

H8.146 

0.668 

S  30 

O 

n 

10,5 

+  1  28.25 

-   4  55.8 

1  59 

59.62 

+  7  31 

1.1 

8.774 

0.669 

20 

8  51 

52 

0 

5  ,  5 

-4  17.27 

-14  25.4 

2     1 

3.04 

+  7  38 

24.5 

8.983 

0.668 

Mean  Places  for  1895.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

.Viitlioiity 

b       111       8 

s 

o         /          It 

ff 

u 

1  45  58.91 

+4.12 

+  5  21  14.0 

+  26.0 

Boss,  Albany  Astr.Ges. Catal.  521 

h 

1   49  48.51 

+4.13 

+  5  o5  20.7 

+  26.0 

Schjellerup  561 

f 

1  53  25.82 

+4.14 

+  6     9  48.2 

+  25.9 

Schjellerup  582 

d 

1  54  41.90 

+4.12 

+6  24  30.8 

+  25.7 

Glasgow  (1870)  434 

e 

1  45  17.78 

+4.07 

+  7     5     1.3 

+  26.0 

Scliiellerup  542 

f 

1   56  24.18 

+4.13 

+  6  17  40.0 

+  25.6 

SchieUoru])  595 

•J 

1  48     7.02 

+  4.09 

+  7     6  59.2 

+  26.0 

Glasi;ow  (1870)  409 

h 

I  59  18.61 

+  4.15 

+  7  13  55.2 

+  25.7 

Glasgow  (1870)  452 

i 

1  46  13.00 

+4.07 

+  7     3  21.0 

+  25.9 

Paris  2316 

j 

1  57  10.36 

+  4.13 

+  7  17     7.5 

+  25.7 

Brussels  782 

1: 

1  56  19.41 

+4.13 

+  7  21  31.3 

+25.7 

Paris  2532 

I 

1  59  13.81 

+4.14 

+  7  20  41.9 

+  25.6 

Weisse's  Bessel  I,  1014 

m 

2     0  39.46 

+  4.15 

+  7  44  50.5 

+  25.7 

Yarnall  (F)  979 

n 

1  58  27.24 

+4.13 

+  7  35  31.2 

+  25.7 

Glasgow  (1870)  451 

0 

2     5  16.14 

+4.17 

+  7  52  24.4 

+  25.5 

Glasgow  (1890)  166 

The  observations  above  were  made  with  the  20-inch  equatorial  and 
filar  micrometer,  the  magnifying  ])0wer  I)eing  185.  The  entire  set 
consist-s  of  82  obser%'ations  from  August  onward,  the  reductions  of 
which  are  well  advanced.  All  the  observations  wore  micromctrical 
measures  of  Ja  and  J8  between  the  comet,  and  some  faint  star  in 
the  field  of  view.  The  star  was  then  connected  with  a  catalogue- 
star:  for  the  catalogue-positions  of  the  stars  we  are  indebted  to  I'rof. 
A.  S.  Flint,  of  the  Washburn  Observatory,  our  library  being 
meagre.  The  comet-comparisons  were  all  made  by  the  tirst-named 
observer.  The  connection  of  each  comparison-star  with  a  catalogue- 
star  was  carefully  made  by  Mr.  Dickekman,  who  also  executed  most 
of  the  reductions  of  the  obscnations. 


NOTES. 

Dec.  4.     Comet  faint  in  raoonli.ght  and  haze. 

Dec.  7.     Comet  easily  measured  at  limes. 

Dec.  9.     Comet  very  faint  in  light  haze. 

Dec.  12.  Comet  fluify  and  hard  to  bisect. 

Dec.  14.  Comet  very  difficult  during  first  set  of  observations;  nu- 
cleus not  seen  during  second  set;  nucleus  plain  at  one  lime  during 
the  third  set. 

Dec.  18.     Comet  fairly  seen  at  times;  at  others  almost  invisililc. 

Dec.  19.     Comet  not  excessively  difficult. 

Dec.  20.     Definition  poor;  comet  hard  to  see. 
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THE   I^^FLUENCE   OF  AT^^IOSPHERIC   AKD   OCEANIC   CURRENTS  UPON 

TERRESTRIAL   LATITUDES, 

Bv  SIMON   NEWCOMB. 


Altliovigli  the  following  tlieovem  should  be  implicitly 
contained  in  the  formula  for  the  rotation  of  a  spheroid 
carrying  a  fluid  on  its  surface,  I  have  nowhere  seen  it  ex- 
plicitly stated. 

Theorem.  Let  an  unconsfrai/ied,  ritjid  sjihcri',  with  equal 
•moments  of  inertia,  he  in  a  state  of  free  rotation: 

Let  this  sj}hei'e  bear  on  its  surface  a  sheet  or  sheets  of  con- 
tinuous movable  matter: 

Let  this  movable  matter  be  kept  in  a  state  of  steadt/  motion 
relative  to  the  sphere,  by  actions  and  reactions  between  it  and 
the  sj)here,  icithont  the  action  of  any  external  force : 

Let  P  be  the  pole  of  the  axis  of  rotation  of  the  sphere, 
ivhich  will  also  be  its  momental  axis: 

Let  Q  be  the  momental  axis  of  the  total  motions  of  the 
movable  matter  relative  to  the  spliere: 

Let  I  be  the  moment  of  inertia  of  the  sphere,  and  M  the 
total  moment  of  momentum  of  all  the  movable  mxitter  around 
the  axis   Q  : 

Then  shall  the  spihere  take  such  a  motion  that  the  piole  P, 
while  remaining  in  aflxed  direction  in  space  from  the  center 

of  the  spjhere,  shall  move  steadily  relatively  to  the  matter  of 

M 
the  sphere  around  the  pole  Q,  with  an  angular  velocity  — 

The  application  of  this  theorem  to  the  case  of  the  earth 
surrounded  by  its  oceanic  and  atmospheric  envelopes  can 
now  readily  be  seen.  To  obtain  the  value  of  M,  we  may 
roughly  estimate  the  ratio  of  the  moment  of  inertia  of  tlie 
earth  to  that  of  the  ocean  as  2  COO,  and  to  that  of  the  at- 
mosphere as  1 000  000. 

Observations,  as  discussed  by  Chandler,  and  interpreted 
by  theory,  indicate  an  annual  change  in  the  pole  of  the 
earth,  which  would  be  produced  by  a  primary  oscillation 
back  and  forth  through  a  length  of  ten  feetF,  or  a  revolution 
in  a  circle  having  a  diameter  of  live  feet.  The  former  mo- 
tion would,  according  to  the  theorem,  be  the  necessary 
result  of  a  general  motion  of  the  oceans  on  the  two  sides  of 
the  earth,  which,  at  the  point  where  the  motion  was  a 
maximum,  would  be  2  600  times  as  great.  Approximately 
this  motion  would  be  represented  by  a  continuous' flow  of 


the  central  parts  of  the  Paciflc  ocean  toward  the  jiole  of 
about  inO  feet  per  day,  with  a  correspondingly  larger  mo- 
tion of  the  Atlantic  in  the  opposite  direction;  followed  Ijj- 
an  opposite  oscillation  during  the  other  six  months.  If,  as 
may  seem  very  likely,  there  cannot  be  so  great  a  differential 
flow  as  this  through  Beriug  strait,  and  between  the  Ameri- 
can and  Asiatic  continents,  it  will  be  necessary  to  suppose 
a  more  rapid  flow  elsewhere,  or  a  sufficient  vortex  in  the 
currents  of  the  Atlantic  and  Pacific  oceans.  Whether  the 
currents  in  these  oceans  are  deep  enough  to  produce  the 
observed  effect  must  be  left  to  hydrographers  to  decide. 

Passing  to  the  atmosphere,  the  excess  of  motion  through 
one  season  over  that  of  the  other  season,  to  and  from  the 
north  direction,  amounting  to  4000  miles  in  six  months,  or 
say  twenty  miles  per  day,  would  also  account  for  the  ob- 
served change.  In  these  statements  respecting  the  required 
motions  of  the  earth  and  atmosphere,  I  have  presupposed  a 
motion  around  an  invariable  momental  axis.  If  the  mo- 
tions are  such  that  their  momental  axis  moves  around  the 
earth  in  the  course  of  a  year,  the  required  differential 
motions  between  the  opjjosite  seasons  would  be  only  half 
as  great. 

In  what  precedes  I  have  spoken  of  the  earth  as  a  sphere, 
and  considered  only  differential  motions.  The  actual  earth 
being  a  spheroid,  the  motion  of  the  pole  already  described 
would  not  be  continuous.  The  actual  effect  of  oceanic  and 
atmospheric  currents  of  a  permanent  character  on  the  ter- 
restrial spheroid  would  be  to  displace  the  mean  pole  of  the 
earth  from  its  pole  of  figure  to  such  a  point  of  equilibrium 
that  the  motion  described  in  the  theorem  would  be  neutral- 
ized by  an  equal  and  opposite  Eulerian  motion,  due  to  the 
ellipticity  of  the  spheroid.  The  actual  effect  would  be  a 
revolution  of  the  terrestrial  i^ole,  according  to  the  known 
laws  of  rotation,  around  the  central  point  of  equilibrium 
thus  fixed  in  427  days.  Just  what  the  displacement  is  can 
be  only  a  matter  of  guess-work  ;  from  the  known  magni- 
tude of  the  ocean  currents  they  might  produce  a  disjilace- 
ment  ranging  from  ten  to  twenty  feet. 
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A  brief  statement  of  the  character  of  the  tlieoretical 
variations  of  the  latitiide,  due  to  these  causes,  may  not  be  in- 
appropriate. Sinee  the  directions  of  tlie  currents  of  the  air 
anil  ocean  go  througli  an  annual  period,  we  should  expect  a 
corresponding  period  in  the  latitude.  Since,  however,  the 
amount  of  the  annual  change  varies  irregularly  from  year 
to  year,  though  remaining  const.ant  in  the  general  mean, 
the  amplitude  of  the  ainmal  term  sliould  be  subject  to  small 
variations  from  time  to  time,  while  preserving  its  mean 
value  unchanged  from  age  to  age. 

On  the  other  hand,  the  amplitude  of  the  Eulerian  mo- 
tion being  permanently  increased  or  diminished  by  every 
meteorological  change,  may  be  expected  to  vary  its  ampli- 
tude in  a  slow  and  irregular  manner  from  decade  to  decade. 


The  Eulerian  motion,  having  a  period  of  427  days,  ought 
to  be  nearly  circular,  unless  the  equatorial  moments  of 
inertia  of  the  eartli  differ  much  more  than  we  can  supj)ose 
probable.  Tlie  annual  motion  may  differ  somewhat  from  a 
circle,  and  be  somewhat  less  regular.  There  can  be  no 
strictly  periodic  changes  in  the  latitude  but  these  two,  but 
it  is  quite  possible  that,  owing  to  secular  changes,  or  changes 
continued  through  several  years,  in  the  currents  of  the 
ocean  and  atmosphere,  corresponding  changes  of  irregular 
long  period  may  be  found  in  the  latitude. 

It  will  be  seen  that  these  conclusions  are  accordant  with 
Cuaxim-kk's  results  as  regards  the  double  period,  but  do 
not  fully  agree  with  them  in  other  details. 


OBSERVATIONS   OF  YATIIABLE   STAKS   OF   l.ONG   PERIOD, 


The  following  observations  of  variable  stars  were  mainly 
made  during  the  year  1804.  The  ])resent  list  consists  of 
the  stars  of  long  or  irregular  i)eriods.  A  second  article  to 
follow  will  contain  the  observations  of  those  of  short  period. 
Owing  to  the  j)ress  of  other  astronomical  work  on  our 
leisure  time,  notably  the  revision  of  the  star  magnitudes  in 
MuLLEK  and  Kempf's  Photometric  Catalogue,  some  delay 
has  necessarily  occurred  in  the  reduction  and  publication 
of  the  variable  star  results.  The  1895  results  will  be  pub- 
lished as  soon  as  time  permits. 

100.  T  Ceti. 
This  star  was  under  observation  from  1893  November  6 
to  1894  January  1.  Gaps  occur  in  the  series,  extending 
from  November  11  to  December  2,  and  from  December  10 
to  24.  The  observations  number  9.  When  first  seen  on 
November  6,  T  was  =  10  ((/.A.)  Ceti,  and  2  or  3  steps 
>2S  (U. A.)  Ceti,  or  6". 2.  The  light  remained  apparently 
constant  until  December  10.  When  next  observed,  Decem- 
ber 20,  T  was  found  somewhat  fainter,  being  2  steps  <28 
(U.A.)  Ceti,  and  one  step  >31  (U.A.)  Ceti,  or  6". 7.  No 
further  change  was  recorded  up  to  the  time  the  obser- 
vations ended. 

SOO.     o  Ceti. 

The  observations  on  this  star  extend  from  1893  Decem- 
ber 31  to  1894  February  11,  and  number  10.  When  first 
seen  o  was  5  steps  <SDM.  —  4°379,  or  about  9>'.0.  The 
light  increased  quite  rapidly  after  January  7.  When  last  ob- 
served on  February  11,  it  was  3  steps  >244  (f/.^l.)  Ceti,  and 
3  steps  <234:  (U.A.)  Ceti,  or  6". 8.  It  had  evidently  not 
reached  a  maximum. 

1072.     p  Persei. 

The  observations  on  this  star  number  37,  and  extend 
from  1894  October  1  to  1895  January  20.  The  star  was 
at  its  normal  brightness  when  first  seen  on  October  1. 
The  light  faded  after  October  11,  and  a  bright  ininiiiiuin 


Bv  KDWIX    F.  .S.VVVYEH. 

was  reached  October  28.  The  decrease  was  about  4  steps. 
The  light  rapidly  recovered  after  November  1,  aiul  on  the 
15th  p  had  again  reached  its  normal  brightness,  where  it 
remained  until  the  observations  ended. 


2100.      ir  Orion  it. 

This  star  was  first  observed  1893  December  29,  and  found 

to  be  4  .steps  <D:\r.  20°116S,  or  about  9".0.     The  increase 

was  quite    rapid    and    uniform,    a    faint   maxinnun    being 

reached  1894  February  21.  the  maximum  brightness  being 

2  steps  >DM.  19°1106,  and  3  or  4  steps  <D:\r.20°l  15(;,  or 
7''.3.  The  light  remained  nearly  constant  37  days,  or  from 
January  30  to  March  7.  An  aiii)areiit  depression  of  a  step 
or  two  has  been  ignored  in  drawing  the  light-ciirve.  The 
light  slowly  faded  after  March  7  and,  when  last  observed  on 
April  3,  r  was  5  steps  <  DM.  20°n.5G,  or  7»'.7.  The  obser- 
vations number  33. 

349.3.  Ji  Li'oni.'i. 
Nine  observations  were  obtained  on  this  star,  extending 
from  1894  April  23  to  June  3.  When  first  seen  //  was 
=  DM.  12°2105,  and  3  steps  <12°2095,  or  7".0.  The  light 
increased  quite  rapidly,  and  a  faint  maximum  was  passed 
jMay  4,  the  maximum  briglitness  being  2  or  3  steps 
>DM12°2105,  and  =  DM.  12°2095,  or  G«.7.  The  star' 
remained  at  maximum  only  7  or  8  days,  the  light  rai)idly 
fading,  and  when  last  seen  was  5  steps  <DM.  12°2105,  and 

3  steps  >DM.12°2102,  or  7".4. 

379(3.      r  Ilijdrae. 
This  star  was  observed  on  13  evenings,  extending  from 
1894  iMarch  3  to  June  4.     The  only  phase  determined  was 
a  niininiinn,  wliich  was  reached  April  14. 

3825.     R  Ursae  Majoris. 
Observed  from  1894  July  3  to  September  21,  nine  obser- 
vations.    A  serious    gap   occurs   in    the   series,   extending 
from  August  5  to  September  21.     Wlien  first  seen  I!  was 
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5  steps  <DM.  70°(J22,  or  about  8". 8.  The  light  increased 
quite  rapidly  until  July  22,  when  h'  was  =  DM.  60T)77, 
and  4  steps  >DM.  69°584,  or  7". 8.  The  light  remained 
stationary  until  the  break  in  the  observations  August  5. 
The  time  of  maximum  i.s  (juite  uncertain,  but  probably  oc- 
curred about  August  4.  \\'hen  last  seen  on  September  21, 
E  was  =  DM.  69°584,  or  about  8".3. 

4847.  S  Vivi/inis. 
This  star  was  under  observation  from  1894  April  23  to 
July  2,  22  observatiuns  being  secured.  \\'hen  first  seen 
;S'was  3  steps<SD.M.  _ 6°3834,  or  aliout  8". 8.  The  increase 
was  rather  slow,  a  maximum  being  passed  May  25,  the 
maximum  brightness  being  2  steps  >  SDM.  — 6°3843,  and 
=  SDM.  -5°3713,  or  8".0.  The  light  faded  very  slowly 
after  INIay  29,  and  when  last  seen,  on  July  2,  ^?  was  5  stejjs 
<SDM.  -6°3843,  and  =  SDM.  -6°3834,  or  8».6. 

4940.      W  IJi/ihue. 

This  star  when  first  seen,  1894  March  27,  was  3  steps 
<  Gould  G.C.  18788,  or  7".7.  The  increase  up  to  May  12 
was  very  slow,  but  afterwards  and  up  to  the  time  the  obser- 
vations terminated  June  21,  the  rise  was  quite  rapid. 
When  last  seen  W  was  3  steps  >364  (  U.A.)Hydrae  and  =  361 
(U.A.)  Hi/drae,  and  3  steps  <359  (fJ.A.)  ffi/drae,  or  6". 6. 
The  time  of  maximum  is  very  uncertain,  but  was  probably 
passed  about  the  middle  of  June.  The  observations  num- 
ber 11. 

;">(>(i7.      R  Coroiiae. 

11  was  first  observed  1894  March  20,  and  found  to  be 
=  DM.28°2469,  or  about  7". 9.  The  light  remained  con- 
stant until  April  5,  when  a  fall  of  two  steps  occurred.  A 
break  in  the  series  extends  to  April  29,  on  which  date  II 
was  found  to  be  about  7". 7,  having  brighteued  about  4 
steps.  The  light  faded  again  after  May  3.  From  May  12 
another  rise  to  7".fi  occurred.  After  June  3  the  decrease 
was  very  rajjid,  and  on  tlie  19th  R  was  last  observed,  and 
estimated  to  be  about  9".0.  The  star  was  next  seen  on 
August  31,  and  found  to  be  1  step  <DM.28°247o,  or  7".5. 
The  light  increased  quite  rapidly  and  regularly,  uutil  the 
observations  ended,  October  18,  when  B  had  reached  its 
normal  brightness,  or  4  or  5  steps  <  DM.32°2621,  and  4 
steps  >DM.  30°2682,  or  C.S.     The  observations  number  26. 

5758.     XHerniUs. 

A  good  series  of  oljservations,  numbering  60,  was  ob- 
tained on  this  star,  extending  from  1894  March  27  to 
November  22.  From  these  two  maxima  and  one  minimum 
have  been  determined.  The  first  maximum  was  passed 
July  3,  and  the  second  October  23,  the  interval  being  112 
days.  The  minimum  was  reached  September  10.  Another 
minimum  was  apparently  passed  about  April  14  i?. 
5912.     (J  I/ercuUs. 

The  observations  on  this  star  number  58,  and  extend 
from  1894  April  23  to  October  31.     Maxima  are  indicated  for 


May  20,  July  17  and  September  20,  the  intervals  being  58 
and  05  days  respectively.  Minima  were  passed  June  22 
and  August  15,  the  interval  being  55  days.  The  first  and 
third  maxima  were  fairly  bright,  while  the  second  was 
quite  faint.     Tlie  minima  were  both  ratlier  bright. 

07.">3.  Ji  Sriifi. 
The  observations  on  this  star  number  04,  and  extend 
from  1894  May  8  to  November  29.  Serious  gaps  occur  in 
the  series,  extending  from  May  9  to  27,  June  8  to  20,  July 
10  to  22,  and  September  7  to  20.  The  charted  observa- 
tions, however,  permit  the  certain  determination  of  two 
maxima  and  two  minima.  The  first  maximum  from  a  rai)id 
rise  was  passed  September  8,  and  was  rather  bright.  The 
second  maximum,  a  very  bright  one,  was  reached  November 
8,  the  interval  being  61  days.  The  first  minimum,  a  faint 
one,  was  passed  August  8,  and  the  second,  a  bright  one,  was 
passed  October  13,  the  interval  being  67  days. 

6794.  E  Li/rae. 
A  good  series  of  observations,  88  in  number,  was  obtained 
on  this  star,  extending  from  1894  May  22  to  1895  January 
17.  From  these  3  maxima  and  4  minima  have  been  de- 
termined. The  maxima  were  passed  July  9,  September  1 
and  November  29.  A  fourth  maximum  is  also  indicated 
about  October  4±,  but  this  is  somewliat  uncertain,  the  ob- 
servations exhibiting  rather  conflicting  results.  In  the 
case  of  the  third  maximum,  which  was  a  very  bright  one, 
tlie  light  from  maximum  verj'  suddenly  declined  seven  steps 
in  two  days.  The  four  minima  were  passed  August  9, 
September  19,  November  4  and  December  23. 

6849.  Ji  Atjulhte. 
This  star  was  under  observation  from  1894  June  1  to 
August  5, 19  observations  being  obtained.  AVhen  first  seen, 
onJunel,  J?was5  +  steps<DM.8°3951,and  =  DM.8°3956, 
or  about  7". 5.  The  light  increased  quite  rapidly,  and  some- 
what irregularly,  a  maximum  being  passed  July  9,  the 
maximum  brightness  being  2  or  3  steps  >DM.S°3951,  or 
about  6". 2.  The  decrease  was  quite  rapid,  and  when  last 
seen  B  was  5  steps  <DM.  8°3951,  or  7". 2. 

7085.     BT  Cygnl 

The  observations  on  this  star  number  12,  and  extend 
from  1894  June  1  to  August  6.  Gaps  occur  in  the  series, 
extending  from  June  7  to  20,  and  from  June  21  to  July  22. 
A  maximum  is  indicated  about  June  21.  Comparison-stars 
not  yet  identified. 

7120.     ;(  Ci/gn'i. 

A  very  good  series  of  observations  on  this  star  was 
secured,  extending  from  1894  November  27  to  1895  Janu- 
ary 19,  and  numbering  23.  When  first  seen,  on  November 
27,  X  was  1  step  >DM.  33°3602,  and  2  steps  <  DM.  32°3558,. 
or  6". 7.  The  increase  was  quite  rapid  and  uniform,  a  maxi- 
mum being  passed  December  26.5,  the  maximum  brightness 
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being  5  steps  >1)M.  33°3o87,  2  steps  <l)M.34''3o90  ami 
5  +  steps  <  DM.  34°3798,  or  4''.8.  The  light  remained 
stationary  16  clays.  The  decrease  was  also  quite  rapid, 
and  when  last  seen,  on  January  19,  x  was  2  steps  <1):M. 
33°3587,  and  o  steps  >DM.32°3521,  or  5".5. 

7754.      IJ'  Ci/'/ni. 
The  observations  on  this  star  extend  from  1894  Ajiril  5 
to  1895  January  17.  and  number  GO.     These  when  plotted 


exhibit  the  following  maxima  and  minima.  Tlie  first  maxi- 
mum of  average  brightness  was  passed  August  13.  A 
second  maximum  of  about  the  same  briglitness  was  reached 
about  December  5.  The  first  minimum,  a  very  faint  one, 
was  reached  June  25.  A  second  minimum,  somewliat 
brighter,  was  passed  about  October  11.  Tlie  interval  be- 
tweed  the  two  maxima  was  114  dayS,  and  between  the  two 
minima  108  days. 

Brighton,  1S9(5  Januari/  :!0. 


OBSERVATIONS  OF  SOUTHERN  VARIABLES, 

Bv  II.  M.   P.\l  L. 


7139.  HR  Sagitturii. 
I  have  10  observations,  showing  a  fairly  smooth  descent 
from  about  7".8  on  1895  Aug.  18  to  about  10«.2  on  Nov.  13. 
They  do  not  cover  either  a  maximum  or  minimum,  but 
seem  to  be  fairly  accordant  with  Chandler's  elements 
[.l.J.XV,84],  which  give  maximum  E(  +  4)  on  1895  June 
9,  though  perhaps  indicating  that  this  maximum  may  liave 

been  brighter  than  7". 5. 

« 

7200.     ET  S(tf/itt(irii. 

The  necessary  change  in  the  CuANnLEK  number  of  this 
star,  due  to  tlie  error  in  the  H.C.O.  position,  has  been  pro- 
vided for  in  a  foot-note  to  Camphki.l's  observations  [J.J. 
XVI,  24]. 

I  have  18  observations  of  the  star,  all  falling  on  a  de- 
scending curve  from  7". 62  on  1895  July  10  to  11". 35  on 
Nov.  12.  Tliere  are  considerable  departures  from  a  smooth 
descent  in  this  curve,  but  whether  real,  or  only  errors  of 
observation,  future  observation  must  determine. 

Althovigh  no  maximum  or  minimum  has  yet  been  pub- 
lished, I  find  that  the  six  H.C.O.  plates  \_A.N.  125 :  366], 
Tuome's  C.  dm.  observations  [J.J.  XV,  197],  Cami'bkll's 
observations  [J.J.XVI,  24],  and  my  own,  are  all  fairly  well 
satisfied  by  the  following  provisional  formula  for  maxima, 

1895  July  5  =  2413380"  +  311"  E, 
with  an  approximate  range  of  7". 5-  <11". 

The  companion  to  HI'  referred  to  by  me  [A.J.  XV,  133], 
by  Thome  [A.J.XV,  197],  and  by  Campbell  [A.J.  XVI,  24], 
comes  out  about  10]  >'  in  my  scale,  making  it  pretty  certain 
that  the  photographic  magnitude  10". 7  measured  from  the 
H.C.O.-Chosica  plate  of  1889  Oct.  14  [A.N.  125:  366],  refers 
to  this  companion,  and  not  to  ET,  or  else  to  tlieir  joint 
light.  The  date  falls  88"  after  maximum  E(  — 7)  of  the 
above  rough  elements.  The  presence  of  this  companion 
will  always  make  observations  of  minima  difficult. 

7404.     B  Microscopii. 
I  have  observed  this  star  on  22  nights,  between  1895 
July  9  and  Dec.  13,  the  observations  covering  more  than 
one  period,  and  falling  pretty  accordantly  on  a  curve  which 
gives 

Washington,   1896  March  2. 


Min. 
JIax. 


12.0 
8.0 


=  2413447 
3510.6 


1895  Sept.  10 
Nov.   12.6 
M-m  =  64" 

From  the  H.C.O.  photogra})hic  magnitudes,  published  in 
-l.A^  137:  74,  and  Thome's  two  C. DM.  observations  [A.J. 
XV,  197],  I  have  deduced  the  following  formula  for  Green- 
wich times  of  maxima, 

1895  Nov.  12.6   =  2413510".6  +  138".8E. 

While  this  agrees  only  tolerably  well  with  the  H.C.O. 
and  C.DM.  observations,  indicating  either  great  uncertainty 
in  the  photograjjhic  magnitudes,  or  else  a  considerable 
range  of  brightness  at  different  maxima,  no  other  constant 
period  will  suit  them  as  well. 

The  faintest  of  my  comparison-stars  (which  comes  out 
about  12". 2  in  my  light-scale)  is  only  about  +2'  and  +0'.3 
from  the  variable,  and  between  them  is  a  still  closer  com- 
panion of  about  the  same  magnitude.  It  would  be  well  for 
observers  with  large  telescopes  in  the  southern  hemisphere 
to  measure  the  position-angles  and  distances  of  these  three 
stars,  and  carefully  to  estimate  tlieir  magnitudes  at  times 
when  E  is  near  minimum. 

7999.     XAqaaril. 

I  have  23  observations,  showing  a  fairly  smooth  descent 
from  8".5  on  1895  July  9  to  about  12". 7  on  Dec.  14,  the 
curve  indicating  that  maximum  was  alreadj'  passed  on  tlie 
first  date,  and  minimum  probably  not  reached  on  the  last. 
No  later  observations  were  possible  here. 

I  find  the  following  formula  for  maxima, 

1895  June  20  =  241  3365"  +  311"  E, 
with  an  approximate  range  of  8". 3  -  13",  will  suit  moder- 
ately well  the  18  H.C.O.  plates  [A.N,  138:  179],  Yexdell's 
observations  [J.  J.  XV,  157],  and  my  own,  though  the  ele- 
ments can  be  only  a  rough  approximation,  no  maximum  or 
minimum  having  yet  been  observed. 

As  the  star  is  in  no  catalogue,  I  have  tied  it  to  the  7". 7 
star  about  10'  north  [Radcliife  (90)5994]  with  the  resulting 
position  below. 

For  1900.0     22"l3"   9!3     -2l' 24.0 
1855.0  10  40.2  37.4 

differing  by      —3'  and  +2'     from  the  H.C.O.  position  in 
.4.x  138:  179. 
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RELATIVE   POSITION'S   OF  "I^OVA,"  Z  CENTAURl,   NEBULA  N.G.C.  5253   AND 

THREE   NEIGHBORING   STARS, 

By  WILLIAM    J.   IIUSSEY. 


On  tlie  nights  of  1895  December  22,  and  1S9()  J.uiuary  2, 
before  I  liad  begun  my  work  at  the  Observatory,  Professor 
Campbell  liad  measiired  the  relative  positions  of  Nova 
Centaiiri,  Nebuhi  X.G.C.  5253,  and  three  neighboring  stars, 
and  had  compared  the  Nova's  position  with  Cord.  Z.C. 
13''2134.  Since  then  I  have  repeated  the  measurements 
of  relative  positions  on  six  nights,  and  have  compared  the 
Nova  and  Cord.  Z.C.  2134  in  right-ascension  two  nights, 
and  in  declination  three  nights.  Cord.  Z.C.  2134  is  the  only 
catalogued  star  within  convenient  reacli  of  the  micrometer. 

The  three  stars  whose  positions  relative  to  the  Nova 
have  been  measured,  are  denoted  below  by  A,  li  and  C. 
B  and  C  are  not  catalogued :  A  is  C.DM.  -31°10534.  The 
magnitudes  are  estimated  as  follows:  A,  9". 7;  B,  10"; 
C,  10".5;  N.G.C.5253,  9»'.5  (in  finder  with  low  power), 
and 

Nebula  —  Nova  A  —  Nova 

Ja  J8  Ja  Jo 

_18'!o  I   -13^98  I   -3.5 
_18.0  I  -14.01  I   -3.6 
For  the  epoch  1875.0  we  have  the  following  positions : 
Object 

C.DM.  -31°10534 


Nkw  Star 

1895  Dec. 

22 

M 

11.2 

29 

11.2 

1896  Jan. 

1 

11.2 

2 

11.2 

27 

11.3 

Feb. 

5 

11.4 

7 

11.5 

8 

11.5 

11 

11.5 

14 

11.5 

19 

11.5 

Campbell 


Hussey 


The  magnitudes  of  B  and  C  have  been  estimated  with 
reference  to  A,  and  the  Nova  with  reference  to  C.  and,  there- 
fore, the  Nova  estimates  are  relative  rather  than  absolute. 

Our  measurements  give  the  following  differences  of  right- 
ascension  and  declination. 


-1.40 
-1.35 


n- 

Ja 

-1.79 
-1.85 


-  Nova 
JS 


+  74.2 
+  74.2 


Ja 

+  8.68 


Nova 
J8^^ 

+  57"5 
+  58.4 


Nova  — Coril.  Z.C.  13''2]34 
Jtt  J8 


-2  30.65 
-2  30.39 


-6  16.1 
-6  18.2 


Observer 

Campbell 
Hussey 


«       -31''10536 

Nebula  N.G.C.5253 

l^ew  Star 


a (1875.0) 

h         111         s 

13  32  36.7 
37.90 
32  49.6 

13  32  50.8 
50.48 

13  32  51.74 
52.01 


In  our  four-inch  finder,  jDower  20  ± ,  the  appearance  of 

the  nebula  is  such  that  it  might  easily  be  mistaken  for  a 

star,  magnitude  9.5,  though  careful  observation  shows  it  to 

be  somewhat  hazy.     This  finder  is   comparable   with   the 

Mt.  Hamilton,  Cal.,  1896  March  7. 


8(1875.0)  Remarks 

—  31  0.3  Catalogue-position 

0     0.6  Observed  " 

-31  0.3  Catalogue        " 

—  31  0.2  Catalogue        " 

0  15.3  Observed  " 

-31    59  56.8  Observed,  Campbell 

58.6  Observed.  Hussey 

instrument  used  at  Cordoba  in  constructing  the  C.DM. 
The  close  agreement  of  the  nebula  ami  C.DM.  —  31°10536, 
both  in  magnitude  and  position,  renders  it  all  but  certain 
that  the  C.DM.  star  refers  to  the  nebula. 


FIVE   NEW   SOUTHERN    VARIABLES, 


By  ROBERT   H.  WEST. 


a  =  01'  43'"  29«..5     ;     8  =  — SS'^  3(i'.0     (1875.0). 
My  attention  was  attracted  to  this  star  by  its  absence 
from  the  Cordoba  Diirrliiiiusterung  chart.     The  following 
observations  indicate  that  it  is  a  variable,  and  that  it  passed 
a  maximiuu  of  9".l  on  or  about  1895  Dec.  17. 


1895  Nov 

28 

9.4 

J  896  Jan.    7 

9.4 

Dec. 

4 

9.3 

28 

9.7 

17 

9.1 

Feb.    4 

9.85 

21 

9.2 

6 

10.05* 

27 

9.3 

10 

10.15* 

1896  Jan. 

2 

9.3 

*  Twilisrht. 

The  following  stars  are  given  in  the  list  of  suspected 
variables  in  the  introduction  to  the  Cordoba  Durchinus- 
terunrj,  and  their  variability  is  confirmed  by  my  observa- 
tions.    With   these,    as    with   the    preceding,    tlie    C.DM. 


magnitudes  of  the  neighboring  stars  have  been  taken  as 
standards,  after  revision,  however,  when  it  has  seemed 
necessarj'. 

C.DM.  -30°375. 
a  =  1''  5"'  38^.6     ;     8  =  —30°  4fj'.S     (187.5.0). 
The  Cordoba  observations  are 


188C)  Aug.  30 

9".0 

1890  Dec. 

— 

invisible 

1SS7-8 

invisible 

1892  Jan. 

o 

8>'.7 

'  observations 

are 

[895  Nov.  22 

lO.lt 

1895  Dec. 

28 

11.8 

25 

10.6 

1896  Jan. 

1 

12.0* 

Dec.     4 

11.4 

13 

12.5* 

13 

11.4 

*  Estimated. 

The  star  has  been  seen  since  Jan.  13,  but  its  rapidly  de- 
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creasing  altitude  is  sufficient  e.xplauatiou  of  its  invisibility, 
without  any  further  decrease  in  magnitude. 

C.DM.  -26°892. 
a  =  21'  23"'  39'.8     ;     8  =  — ao"  31)'.2     (1875.0). 
The  Cordoba  observations  are 

18Sr.  Oct.    23       Nov.  13.  11       lo!(1 

1887  Seiit.  1 1  8..") 

18;tl  Dec.  27  8.7 

Eleven  observations  show  a  slow  but  steady  increase  from 

g-.Go  on  1895  Nov.  8,  to  8".75  on  1896  Feb.  10.     The  star 

is  quite  red,  being  about  the  same  color,  to  my  eye,  as  3128 

Ji  I'l/xidis,  which  is  given  as  (i  in  Chandler's  Catalogue. 

C.DM.  -25°1602. 

u  =  3''  4.5'"  W.8     ;    S  =  —25°  20'.2    (1S75.0). 
The  Cordoba  observations  are 


1886  Oct. 

24 

S.O 

1891  Nov 

30 

invisible 

Dec. 

3 

9.7 

The  following  are  niv  observations  : 


1895  Dec.   17 

9.6 

189(;  Jan.  13 

10.9 

2(; 

9.8 

Feb.     4 

11.1 

189G.);iH.     2 

10.7 

10 

11.4 

i 

10.8 

C.DM.  -31''2732. 

o  =  .51' 42"' 14'.2     ;     8  =  — 31°44'.3     (1S75.0). 
The  Cordoba  observations  are 

1887  Nov.  K;         8!o 

1888  Dec.  25       10.0 
1892  Nov.  13       invisible 

^ly  ob.servations  are  as  follows: 


1895  Dec.  21 

9.1 

1890  Jan.  13 

9.75 

2(! 

9.25 

29 

9.9 

189G  .Jan.     3 

9.35 

j-cb.    4 

10.0 

1 

9.5 

10 

10.1 

Syrian  Protestant  Colleye,  Beirut,  Syria,  IS'JO  Feb.  11. 


]N[EKIDIAX-CIRCLE  OBSERVATIONS  OF  COMPAKISON-STAKS  FOR  COMET  c  189.), 

By  i;.   II.  TrCKEK. 


The  two  stars  used  in  the  comi)arison  of  1895  Nov.  19, 
(^4.(7.360),  have  been  observed  with  the  meridian  circle. 
The  places,  magnitudes  and  precessions,  follow. 


8.> 
9" 


tt  1890.0 

ll  III  » 

13  .50  49.78 
13  52     3.28 


Prec. 

+  3.071 
+  3.071 


8  1896.0 
+  0     7  0.1 

+0  10  (;.2 


Prec. 

-17.75 
-17.70 


OBSERVATIONS  OF  COMET  c  189.5  (peerine), 

MADK    AT   THE    LICK    OBSEUVATOKV    WITIf   THE   SG'INCH   AND    12-INCIl    EQU ATOIilALS, 

Bt  c.  d.  perrine. 


1896  Mt.  H: 

imilt 

on  M.T. 

* 

No. 
C^oinp. 

Aa. 

-* 

^'s  apparent 
a            1              8 

log 
for  a 

for  8 

Jan.  30 

_i 
17 

in       s 

58  36 

23 

3,3 

m       8 

+0     4.04 

+  4  ISii 

1 
19 

111           S 

40  22.11 

-6  15  34.7 

«9.659 

0.741 

18 

5  25 

25 

5  ,  5 

-0  15.19 

+  2  39.5 

19 

40  22.30 

-6  15  30.3 

w9.655 

0.743 

Feb.     3 

18 

2     0 

26 

8  ,  6 

+  0     5.92 

+  1  35.5 

19 

41   52.32 

-5     5     9.4 

w9.648 

0.742 

4 

17 

48  15 

28 

6,5 

+  0  19.95 

+  2  38.2 

19 

42  13.97 

-4  47  57.5 

H9.654 

0.740 

5 

17 

57  29 

30 

6 

+  1  54.52 

19 

42  34.18 

> 

«9.646 

, 

18 

11  55 

30 

4 

-4  14.9 

-4  30  32.7 

. 

0.742 

6 

17 

56  41 

31 

8,5 

+  2  43.35 

+  2     5.7 

19 

42  54.05 

-4  13  38.7 

M9.643 

0.741 

1 

17 

46  34 

32 

18,5 

+  1  51.84 

-1  37.0 

19 

43  13.11 

-3  .56  48.6 

«9.648 

0.7.39 

8 

17 

44  18 

33 

18,7 

+  1  32.80 

+  2  40.2 

19 

43  32.05 

-3  40     0.2 

iiWXAl 

0.737 

10 

17 

47  27 

34 

8,4 

+  3  40.59 

+  1  .54.7 

19 

44     6.31 

-3     6  23.4 

«9.639 

0.738 

11 

17 

36  38 

35 

22,6 

—  1  22.92 

-6  13.2 

19 

44  22.66 

-2  49  49.1 

M9.645 

0.736 

12 

17 

40  36 

36 

10  ,  5 

+  3     6.80 

-1  30.7 

19 

44  38.71 

-2  33     7.8 

719.639 

0.736 

13 

17 

37  40 

37 

12,4 

-1  45.61 

+  8  42.0 

19 

44  53.55 

-2  16  38.2 

/i9.63S 

0.734 

14 

17 

19  .56 

37'( 

3 

+  4  55.1 

. 

-2     0  20.4 

0.726 

15 

17 

32  23 

38 

14  ,  7 

+  l'     6.24 

+  5  14.6 

19 

45'  2().68 

-1  43  37.2 

M9.637 

0.732 

10 

1 1 

35     2 

39 

14,7 

-1  24.73 

+  5  14.3 

19 

45  33.34 

-1   27  17.1 

7/9.631 

0.735 

17 

1 1 

3  55 

40 

10  ,4 

—  4     5.75 

-4     3.8 

19 

45  44.12 

-1    11     0.4 

7*9.651 

0.732 

18 

17 

6  25 

41 

14,  6 

-1     0.75 

-2  34.4 

19 

45  55.20 

-0  54  42.2 

7i9.646 

0.731 

21 

16 

44  26 

42 

10,4 

-3     2.84 

-5  50.3 

19 

46  22.19 

-0     5  54.1 

j/9.653 

0.728 

22 

1  1 

7  18 

43 

10  ,  4 

+  1  31.10 

-0  50.4 

19 

46  29.60 

+  0  10  40.6 

«9.635 

0.728 

23 

1  1 

27  34 

44 

10,4 

+  1  17.74 

-0  18.9 

19 

46  36.51 

+  0  27     3.3 

JJ9.613 

0.725 

24 

16 

54  48 

45 

14,  6 

-0  29.34 

-0  .57.1 

19 

4(5  40.96 

+  0  43  10.3 

»9.639 

0.725 

Mar.     7 

17 

17  36 

46 

9,4 

-0  44.31 

-0  ,36.0 

19 

46  24.20 

+  4     0  19.4 

7(9.556 

0.700 

10 

16 

59  56 

47 

5,5 

+  0     3.00 

+0  11.5 

19 

45  54.67 

+  4  49  51.6 

9(9.569 

0.696 

17 

16 

42     3 

48 

10  ,4 

+  0  50.95 

+  5  22.1 

19 

43  58.39 

+  6  46  .58.8 

7(9.5.53 

0.680 
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Mean  Places  for  189G.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Ke<l.  to 
app.  place 

Authority 

li       m       8 

8 

0         -- 

II 

s 

23 

19  40 

18.51 

-0.44 

-6  20 

0.4 

-10.1 

Micrometer-compavisons  with  (24) 

24 

19  43 

41.75 

-0.44 

-6  17 

13.8 

-10.1 

Dunsiiik  obsus..  6tli  part  (1012  stars)  No.  756 
Micrometer-comparison  with  (24) 

25 

19  40 

37.93 

-0.44 

-6  17 

59.7 

-10.1 

26 

19  41 

46.79 

-0.39 

-5     6 

34.4 

-10.5 

"                 "               "     (27) 

27 

19  38 

48.07 

—  0.39 

-5     2 

21.5 

-10.6 

Munich  I,  21572 

28 

19  41 

54.40 

-0.38 

-4  50 

25.1 

-10.6 

Micrometer-comparison  witli  (29) 

29 

19  43 

26.72 

-0.38 

-4  45 

17.1 

-10.5 

Schjellerup  7613 

30 

19  40 

40.02 

-0.36 

-4  26 

7.1 

-10.7 

Munich  11,  9234 

31 

19  40 

11.04 

-0.34 

-4  15 

33.7 

-10.7 

Schjellerup  7581 

32 

19  41 

21.59 

-0.32 

-3  55 

0.8 

-10.8 

^(Radcliffeg  5284  +  Muuicli  II,  9251) 

33 

19  41 

59.53 

-0.28 

-3  42 

29.6 

-10.8 

Schjellerup  7598 

34 

19  40 

25.97 

-0.25 

-3     8 

7.0 

-11.1 

i  (Argent.  G.C.  27081  +  Radcliffe,  5278) 

35 

19  45 

45.83 

-0.25 

-2  43 

24.9 

-11.0 

•  (Radcliffe,  5305  + Argent.  G.C.  27194) 

36 

19  41 

32.13 

-0.22 

-2  31 

25.8 

-11.3 

Munich  I,  21744 

37 

19  46 

39.37 

-0.21- 

-2  25 

9.0 

-11.2 

W.  Bessel  XIX,  1130 

37« 

19  43 

15.03 

-0.19 

-2     5 

4.0 

-11.5 

Radcliffe,  5295 

38 

19  44 

14.62 

-0.18 

-1  48 

40.2 

-11.6 

^(Miuiicii  I,  21914  +  2  Schjellerup  7620) 

39 

19  46 

58.25 

-0.18 

-1  32 

19.8 

-11.6 

W.  Bessel  XIX,  1136 

40 

19  49 

50.04 

-0.17 

-1     6 

45.0 

-11.6 

^(2  Schjellerup  7675  + Munich  I,  22258) 

41 

19  46 

56.10 

-0.15 

-0  51 

56.0 

-11.8 

\  (2  Copeland  aiul  I'xirgen  5449  +  Man.  1, 22084) 

42 

19  49 

25.12 

-0.09 

+  0     0 

8.2 

-12.0 

\  (Radcliffe,  5325  +  Argent.  G.C.  27275) 

43 

19  44 

58.55 

-0.05 

+  0    11 

43.2 

-12.2 

^(Munich  I,  21961  +W.  Bessel  XIX,  1088) 

44 

19  45 

18.80 

-0.03 

+  0  27 

34.5 

-12.3 

W.  Bessel  XIX,  1096 

45 

19  47 

10.31 

-0.01 

+  0  44 

19.7 

-12.3 

1  (Radcliffe.,  1907  +  Glasgow  4926) 

46 

19  47 

8.27 

+  0.24 

+  4     1 

8.9 

-13.4 

Boss,  Albany  A.G.Catal.  6880 

47 

19  45 

51.35 

+  0.32 

+  4  49 

53.9 

-13.8 

"          "           "         "     6869 

48 

19  43 

7.06 

+  0.38 

+  6  41 

51.1 

-14.4 

>.(2  Schjellerup  7607  +  Munich  I,  21842) 

The  observations  of  Jan.  31),  Feb.  3,  4  and  .5,  were  made  with  the 
36-inch  equatorial,  as  the  12-inch  telescope  was  dismounted.  The 
Ja  on  .Ian.  30,  Feb.  3,  4,  March  10,  wei'e  measured  directly  with  the 


micrometer.  The  observations  of  Feb.  h  were  made  in  a  high 
north  wind.  On  Dec.  20  the  comet  was  seen  east  of  the  sun,  but 
too  near  the  horizon  to  measure. 


ERRATA   IN    STAR    CATALOGUES. 

By  C.    D.   PERRINE. 


S.DM.  — 6^5269  is  stated  to  be  in  Weisse's  Catalogue  of  Bes- 
sel's  stars,  but  is  not  foimd  there. 

Weisse's  Bessel  I,  XIX,  1088.  Runkle  in  his  list  of  errata  pub- 
lished in  the  Astronomical  Journal,  vol.  3,  page  115,  changes  the 
declination  of  this  star.     I  used  it  as  a  comparison-star  in  observing 


Comet  c  189-),  and  find  that  its  place  as  given  in  Weisse's  catalogue 
agrees  with  the  Mimich  reductions  of  Lamont's  observations  of  this 
star,  and  also  with  Bessel's   original   zone   observations.     Hence 
Rxtnkle's  correction  seems  to  be  erroneous. 
Lick  Observatory,  189b  Jl/a?'c/t  21. 


OBSERVATIONS   OF   COMET  a.  1896, 

MADE    AT   TUE    LICK    OBSEUVATORY, 

By  WILLIAM   .1.  HUSSEY. 


1896  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

-* 

j8 

#'sa 
a 

pparenl 

8 

logpA 
for  a      1     forS 

Feb.    19 

h         in     s 

17  46  54 

1 

7  ,  7 

111         S 

+  2  49.49 

-3     2.8 

h       in        s 

20  15  11.78 

0 

+  15 

29  50.9 

7i9.6497 

0.6442 

24 

17     3  45 

2 

10  ,  10 

+  1  23.29 

+  1  16.4 

21  55     6.21 

+  38 

27     2.2 

W9.7713 

0.6774 

Mar.     7 

9  36  29 

3 

9  ,  9 

+  2  11.19 

-3  56.4 

2  16  43.09 

+  50 

45     7.2 

9.8654 

0.5977 

9  36  29 

4 

9  ,  8 

-1  42.22 

-1  38.0 

2  16  43.06 

+  50 

45     9.4 

9.8654 

0.5977 

8 

9  42  44 

5 

4 

+  0  47.9 

+  50 

19  42.6 

0.5986 

10     3  32 

5 

4 

—  3     7.57 

2  28  34.84 

. 

9.8584 

. 

9 

8  53  20 

6 

11  ,22 

-0     7.73 

+  5  46.6 

2  38  25.96 

+  49 

51  24.8 

9.8576 

0.4319 

10 

7  46  11 

1 

7,12 

+  0  53.58 

+  2  19.8 

2  47  18.47 

+  49 

25     1.5 

9.8108 

0.0298 

13 

7  13     5 

8 

10 

+  9  11.1 

.... 

+  48 

3  13.2 

.    .    . 

9.8555 

7  28     1  ■ 

8 

8 

+  0  31.66 

.    .    . 

3     9  52.96 

9.7573 

17 

8  48  50 

9 

4 

+  9  16.8 

+  46 

23  45.3 

0.3928 
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Mean  Places  for  1S9G.0  of  Comjjarison- Stars. 

Ked.  to 

Heil.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

ll         lU        s 

a 

O         '            » 

If 

1 

20  12  22.72   - 

-0.43 

+  15  33     6.4 

-12.7 

Riimker  8159                               [  +  Ruiiik.9710) 

2 

21  53  44.10 

-1.18 

+  38  25  51.8 

-   6.0 

1  (GL,  1903  + W.  Bessel  XXI,  1275+  V.  9896 

3 

2  14  32.40 

-0.50 

+  50  48  47.1 

+  16.5 

Rogers,  Cambridge  Astr.  Ges.  Catal.  1096 

4 

2  18  25.82 

-0.54 

+  50  46  31.1 

+  16.3 

<(               .(               «       ((         «     1122 

5 

2  31  42.77 

-0.36 

+  50  IS  37.9 

+  16.8 

"               «               «       ((         ((     1215 

6 

2  38  33.96 

-0.27 

+  49  45  21.3 

+  16.9 

DeichmUller,  Bonn  Astr.  Ges.  Catal.  2343 

7 

2  46  25.11 

-0.22 

+  49  22  24.6 

+  17.1 

"                 "         "       "         "     2457 

8 

3     9  21.32 

-0.02 

+  47  53  44.8 

+  17.3 

"                 "         "       "         "     2730 

9 

3  28  48.44 

+  0.11 

+  46  14  11.7 

+  16.8 

«                li         ii       u         ll     3025 

Jtt 


The  oliservations  of  Feh.   19  and  .'4  were  made  with  the  3C-iiH'h  telescope:  the  othois  nitli  the  12-lnch.     On  March  9,   10  and  1.3. 
was  measured  with  inicronieter. 


May 


EPHEMERIS   OP  COMET  a. 

By  WILLIAM   J.  HUSSEV. 
This  is  a  continuation  of  the  ephemeris  sent  for  publi-  isoo 

cation  March  3.  It  is  derived  from  my  elements  of  the 
orbit,  computed  from  observations  of  Feb.  15,  20  and  25, 
Greenwich  M.T.  The  correction  to  the  ephemeris  on  JIar. 
23  was,     Jn  =    -V  ,  JS   =    +0'.3. 

ErHEMEUis   FOK  Gkkexwich  Midnight. 

1S90  App.  a  App.  8  log  A  Br. 

April  24.5  4"50"l7'  +3941.6  0.3600    0.008 

26.5      52  42  33.1  .3707 

28.5      55  4  25.3  .3811    0.007 

30.5  4  57  23  +39  18.2  0.3910 


1896, 


App.  a 


App.  S 


-.i) 

4.5 

6.5 

8.5 

10.5 

12.5 

14.5 

16.5 

18.5 

20.5 

22.5 


59 
1 
4 
6 


39 

53 

4 

13 


-39 
39 
38 


8  20 
10  26 


29 
31 


12 
14 
16  32 
18  29 
20  25 


+  38  27 


11.4 
5.2 
59.5 
54.2 
49.4 
44.9 
40.8 
37.0 
33.5 
30.4 


log  A 

0.4005 
.4096 
.4183 
.42()7 
.4347 
.4425 
.4499 
.4570 
.4638 
.4704 

0.4763 


Br. 

0.006 

.005 
.005 
.004 
.003 
0.003 


CO]METS  OF  THE  YEAR  1895. 


The  dates  are  in  Greenwich  Mean  Time  and  the  Elements  only  approximate. 


Designation 

Perihelion     1        Q, 

u 

i 

9 

t> 

Discoverer            Date 

Synonym 

I 

II 
III 
IV 

Peb.     7.74 
Aug.  20.75 
Oct.    21.05 
Dec.  18.33 

334  45      183  57 

170  18  ,  167  42 

83     5      298  46 

320  26      272  36 

12  54 

3     0 

76  15 

141  39 

0.3411 
1.2975 
0.8431 
0.1923 

57  48 
40  44 

Cerulli            Nov.    1 
Swift            ;  Aug.  20 
Brooks            Nov.  21 
Perrine           Nov.  17 

rfl894 
a  1895 
rfl895 
c  1895 

Eneke's 
Periodic 

The  periodic  comet  of  Faye  (b  1S95),  first  seen  by  Javei.le,  Sept.  26,  passed  its  perihelion  in  ISlKi  (.March  19). 


Xo.  368,  p.  57,  col.  1,  lines  6  and  IS    for    Com. 
col.  2,  1.  S    pwt     to'  =  TfflVs 

ll       III      s 

No.  369,  p.  71,  for    Xo.  2778   a  1000,  7  43  4 
2)ut      "  2776     "   7  42  39 


put 


CORRIGENDA. 
Conn.  I  No.36S,  p.  59,  col.  1,  1. 10,  place  the  word  "  Then  "  before  equation  for/ 


p.  62,  col.  1,  1.6,    for     Sl^    put     hQ, 


Ann.  var.,   2.99 
1.99 


a  1855,  7  40  49. 
7  41     9. 


[    Kindly  pointed  out  by  Prof.  E.  C.  Pickehing. 
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Observ.vtioxs  of  Comet  c  1895  (Perrixe),  by  Mr.  C.  D.  Perrine. 
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ECLIPSES  AND  CHRONOLOGY 


By  JOHN   N. 

Plutakch,  ill  his  ^^Dissertation  upon  the  Lunar  Spots," 
speaks  of  an  eclipse  of  the  sun  which,  had  recently  happened 
about  midday.  He  states  that  the  darkness  was  so  great 
that  stars  became  visible  in  all  directions.  It  must,  there- 
fore, have  been  either  total,  or  very  nearly  total,  at  the 
place  of  observation. 

The  determination  of  the  date  of  this  eclii)se  has  hitherto 
baffled  the  efforts  of  all  astronomers.  It  is  known,  however, 
that  Plutakch  was  born  about  the  middle  of  the  first  cen- 
tury A.D. ;  but  the  date  of  his  death  is  unknown.  It  prob- 
ably occurred  before  the  year  A.D.  130 ;  and  the  eclipse 
must  have  happened  between  the  years  A.D.  70,  and  A.D. 
130.  But  if  we  examine  all  the  eclipses  which  took  place 
during  the  hundred  years  following  the  year  A.D.  60,  we 
shall  find  only  one  which  corresponds  to  tlie  narrative  of 
Plutakch  ;  and  that  took  place  A.D.  118  Sept.  3.  Ac- 
cording to  my  computation,  that  eclipse  was  central,  and 
total  at  noon  in  longitude  27°  45'  east  of  Greenwich,  and 
latitude  42°  38'  north  ;  and  at  Chaeronea,  the  residence  of 
Plutarch,  its  magnitude  was  more  than  10-i-  digits.  It 
took  place  at  11''  34'"  in  the  morning,  or  only  twenty-six 
minutes  before  noon,  and  thus  corresponds  very  perfectly 
with  Plutarch's  narrative  concerning  it.  I  think  we  may, 
therefore,  contidently  afiirm  that  Plutarch's  eclipse  took 
place  A.D.  118,  Sept.  3. 

Another  eclipse  of  very  great  importance  from  a  chrono- 
logical point  of  view  is  mentioned  by  Zosimus.  It  is  well 
known  that  Theodosius  the  Great  survived  the  battle  and 
victory  over  Eugenius  only  till  the  foUowiug  January; 
during  which  period  the  Roman  world  was  again  for  a  brief 
moment  under  the  control  of  a  single  emperor.  The  date 
of  that  great  battle,  therefore,  determines  the  date  of  the 
death  of  Theodosius,  and  the  beginnings  of  the  reigns  of 
Arcadius  and  Honorius.  Now,  according  to  the  historian 
Zosimus,  a  great  eclipse  of  the  sun  occurred  during  the 
progress  of  the  battle ;  which  he  describes  as  follows : 
"On  the  very  occasuni  of  the  battle  an  eclij>se  of  the  sim  oc- 
curred, such  an  ecll2Jse  that  for  a  lonij  time  it  was  thought 
rather  to  he  niijht.''     The  date  of  that  eclipse  must  have 
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been  A.D.  393  Nov.  20  ;  since  that  was  the  only  eclipse 
which  was  visible  in  that  part  of  the  world  during  the 
latter  part  of  the  reign  of  Theodosius.  I  find  that  it  oc- 
curred about  the  middle  of  the  day,  and  was  total  both  at 
liome  and  Constantinople.  The  shadow  was  more  than 
one  hundred  miles  in  breadth,  and  the  eclipse  must  have 
been  very  nearly  total  at  the  place  where  the  battle  was 
fought.* 

Theodosius,  therefore,  died  in  January  A.D.  394;  and 
since  Alaric  invaded  the  Peloponnesus  in  the  autumn  of 
the  same  year,  it  follows  that  that  invasion  took  place  in 
the  jear  A.D.  394.  Now,  Boetticher  states  in  his  work 
on  "Olyiiijiia,"  that  the  last  celebration  of  the  Olympic 
games  took  place  two  years  before  that  invasion ;  they 
therefore  took  place  in  the  year  A.D.  392,  which  was  a 
leap  year ;  and  thus  agrees  with  the  other  dates  given  by 
Boetticher  for  the  celebration  of  those  festivals;  and  also 
with  all  those  which  I  have  determined  by  means  of 
eclipses. 

I  have  now  computed  every  well  authenticated  eclipse  of 
antiquity  which  has  come  to  mj^  knowledge;  and  I  have 
the  satisfaction  of  finding  a  substantial  and  satisfactory 
agreement  between  the  calculated  and  observed  phases  of 
such  eclipses,  in  so  far  as  the  latter  can  be  determined  from 
the  brief  and  imperfect  historical  notices  that  have  been 
preserved  concerning  them.  This  agreement  is  all  the 
more  satisfactory,  since  it  shows  that  the  secular  equations 
of  the  moon's  motion,  which  I  have  computed  and  employed 
in  these  investigations  must  be  substantially  correct;  and 
I  shall  now  close  these  chronological  investigations  by  a 
comparison  of  the  places  of  the  sun  and  moon  as  they  are 
recorded  for  an  epoch  about  five  thousand  years  ago,  with 
the  places  derived  from  computation  by  using  the  same 
values  of  the  secular  variations  which  have  been  employed 
in  the  comiautation  of  eclipses. 

*  According  to  the  late  Prof.  G.  Seyffakth  the  eclipse  which 
took  place  at  the  time  of  the  battle  between  Theodosius  and  Er- 
GENius  is  also  mentioned  by  Ammianus  Makcellinus  (Seal.  p.  36; 
ed.  Konc.  271);  and  by  Tkospeh  Aqvit.  Chron.  i,  C72. 

(89) 
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The  epoch  to  which  I  refer  is  that  of  the  Ciilyoiigh'.i.m, 
whicli  corresponds  to  inuhiight  between  Feb.  17  and  18  of 
tlie  year  B.C.  3102,  at  Benares  in  India.  According  to  tlie 
Siiri/u  Siddhanta  we  have  at  that  ancient  epocli, 

Longitude  of  Aldebaran,  359  20     0 

Longitude  of  the  sun,  306     0     0 

Mean  longitude  of  the  moon,  30()     0     0 

Tlie  greatest  equations  of  the  sun's  center,  2  10  32 

The  obliquity  of  the  ecliptic,  24     0     0 

If  we  compute  the  value  of  the  stellar  and  solar  elements 

for  that  epoch  bj-  means  of  the  secular  variations  of  the 

elements  as  computed  and  tabulated  in  the  writer's  •'Memoir 

on  the  Secular  Tarlathins  of  the  Orbits  of  the  Eit/ht  Prini'i- 

j)iil  Planets,''  and  published  as  Xo.  232  of  the  Sniithsoniun 

Contributions  to  Knowledge,  we  shall  tiud, 

C— O 

Longitude  of  Aldebaran,  359°  17  18J  -o"    2  4l"3 

True  longitude  of  the  sun,  303  38  51.5  -2  21     %.5 

Greatest  equation  sun's  center,       2     7  12  —0     3  20 

The  obliquity  of  the  ecliptic.         24     3  25.2  +0     3  25.2 

In  order  to  bring  into  ju-ominence  the  great  importance 
of  a  correct  value  of  the  secular  variation  of  the  moon's 
mean  motion,  I  have  here  given  its  value  corresponding  to 
my  own  formulas,  and  also  the  value  as  deduced  from  the 
formulas  of  LaPlace  and  Hansen;  and  I  find  secular 
variation  of  longitude, 

o        '  tr 

According  to  Stockwell,         5     1     8.4 

"  LaPlace,  6  19     4.8 

"  "  Hansen,  7  42  46.8 

If  we  employ  H.\nsen's  value  of  the  moon's  mean  side- 
real motion,  together  with  the  precession  of  the  equinoxes 
as  given  by  the  writer  in  the  work  already  mentioned,  we 
shall  find, 


Moon's  Mean  Long. 


Errors 


According  to  Stockwell,  306     4  43.1         0     4  43.1 

«  "  LaPlace,  307  22  39.5         1  22  39.5 

"  »  Hansen,  308  46  21.5         2  46  21.5 

The  error  of  LaPlace's  theory  is  here  seen  to  be  about 
eighteen  times  greater  than  the  error  of  my  own ;  while 
the  ei-ror  of  Hansen's  theory  is  double  that  of  LaPlace. 
It  thus  appears  that  my  value  of  the  secular  equation  of 
the  moon's  longitude  almost  perfectly  represents  the 
moon's  place  as  recorded  for  that  ancient  epoch  ;  and  also 
represents,  with  singular  fidelity,  all  the  well  authenti- 
cated eclipses  of  antiquity.  It  is  therefore  little  wonder 
that  the  late  Sir  George  Airy  should  lose  confidence  in  the 
certainty  of  chronological  deductions  from  a  discussion  of 
ancient  eclipses  by  means  of  Hansen's  tables;  since  his 
value  of  the  secular  acceleration  in  longitude  is  so  greatly 
erroneous  that  his  tables  fail  to  represent  an  eclipse  of 
comparatively  modern  date;  namely,  the  eclipse  of   A.D. 


1140  ^larch  20;  whicli  was  total  at  London,  according  to 
the  testimony  of  historians,  whereas  his  tables  would  place 
the  southern  line  of  totality  more  than  fifty  geograjihical 
miles  to  the  nortlnvard  of  that  city.  Prof.  ZS'kwco.aih  also 
found  such  great  discordances  between  the  historical  records 
of  ancient  eclipses  and  the  calculated  phases,  that  he  des- 
paired of  reconciling  tliem ;  and  in  his  recent  "Jiesearches 
on  the  Motion  of  the  Moon"  he  has  ignored  them  altogether. 

The  above  calculations  show  that  the  computed  place  of 
Aldebaran  agrees  almost  perfectly  with  the  recorded  place 
of  that  star ;  and  the  same  may  be  said  of  the  mean  longi- 
tude of  the  moon,  of  the  equation  of  the  sun's  center,  and 
of  the  obliquity  of  tlie  ecliptic.  But  the  computed  ])laie 
of  the  sun  differs  very  considerably  from  its  recorded 
place;  the  reason  for  which  will  be  explained  a  little  fur- 
ther on. 

The  question  whether  the  elements  of  the  planetary 
orbits  as  recorded  for  the  epoch  of  the  Cahjoughani  were 
derived  from  observations  made  at  that  time,  or  were  de- 
rived from  modern  observations,  and  reduced  by  calculation 
to  that  ancient  epoch  was  a  subject  of  interesting  dis- 
cussion about  one  hixndred  j'cars  ago.  M.  Bailly,  in  a 
very  elaborate  and  interesting  history  of  the  ancient  astro- 
nomy of  India,  arrives  at  the  extravagant  conclusion  that 
the  places  of  the  sun,  moon,  and  planets  at  the  epoch  of 
the  Cahjougham,  were  derived  from  observations  which 
were  made  in  India  during  several  thousand  years  ante- 
cedent to  that  epoch.  His  principal  arguments  for  such  a 
conclusion  are  based  on  the  fact  that  there  are  no  modern 
elements,  with  which  the  astronomers  of  India  were  ac- 
quainted, which,  when  corrected  for  all  the  known  secular 
changes  that  must  have  taken  place  in  the  interval,  would 
produce  the  elements  recorded  for  that  epoch.  The  views 
advanced  by  Bailly  were  subsequently  adopted  and  illus- 
trated with  great  elegance  and  clearness  by  Prof.  Playfair; 
who  also  derived  some  additional  confirmations  of  Baii.ly's 
theory  from  the  investigations  of  L.\Place. 

The  reason  why  Bailly  assumed  that  the  observations 
on  which  the  elements  of  the  Cnhjouglnun  epoch  were 
based,  were  made  some  thousands  of  j-ears  earlier,  was 
because  the  modern  elements,  when  corrected  for  the  secu- 
lar changes  arising  from  the  action  of  the  disturbing  forces 
during  a  period  of  about  five  thousand  years,  did  not  quite 
agree  with  the  recorded  elements  for  that  epoch ;  but  the 
dilferences  were  of  such  a  nature  as  to  indicate  tliat  the 
observations  were  made  at  a  much  earlier  epoch.  Por  ex- 
ample, the  obliquity  of  the  ecliptic  is  given  as  24°  t)';  but 
if  we  compute  the  obliquity  for  that  epoch,  according  to  the 
formula  of  Lagrange,  we  should  find  that  it  was  then 
equal  to  23°  51',  instead  of  24°;  and  it  was  thence  inferred 
that  if  the  calculation  had  been  made  for  an  epoch  earlier 
b}'  some  fifteen  hundred  j^ears  we  would  obtain  the  value 
assigned  for  the  epoch  of  the  Cahjougham.     The  same  con- 
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flusiou  seemed  also  to  be  derived  from  similar  considera- 
tions in  regard  to  the  greatest  equation  of  the  sun's  center. 
]*>ut  it  must  be  remembered  that  the  mathematicians  of  a 
hundred  years  ago  had  then  only  recently  undertaken  the 
calculation  of  the  secular  changes  of  the  obliquity  of  the 
ecliptic;  and  it  was  subsequently  shown  by  L.vI'lack  that 
the  formula  of  Lagk.vnge,  which  had  been  used  by  Railly 
for  that  purpose  was  quite  erroneous.  According  to  my 
own  computation,  the  equation  of  the  sun's  center  was 
equal  to  2°  10'  32"  in  B.C.  5050,  instead  of  B.C.  3102;  and 
the  obliquity  of  the  ecliptic  was  equal  to  24""  0'  in  the  j-ear 
B.C.  2520,  instead  of  B.C.  3102;  so  that  one  element  would 
seem  to  correspond  to  a  later,  instead  of  an  earlier  date. 

It  would,  therefore,  appear  that  the  recorded  elements 
of  the  sun's  orbit  for  the  epoch  of  the  Gal youghaiii  were 
only  approximate  rather  than  exact ;  but,  on  account  of 
our  ignorance  of  the  means  by  which  the  approxinmte  ele- 
ments were  determined,  it  is  impossible  to  assign  the  limits 
of  their  possible  errors.  It  is  easj',  however,  to  show  that 
a  skilful  astronomer,  under  favorable  conditions,  might 
readily  determine  the  obliquity  of  the  ecliptic  and  the 
eccentricity  of  the  the  sun's  app)arent  orbit,  on  which  the 
equation  of  the  center  depends,  with  verj-  considerable  pre- 
cision, in  the  course  of  a  single  year,  without  the  aid  of 
either  optical  or  angular  instruments  of  anj-  description. 

For,  if  we  suppose  an  observer  in  an  open  field  at  station 
A  to  note  the  exact  bearings  of  the  sun  when  in  the  horizon 
at  the  time  of  the  solstices ;  and  denote  these  bearings  by 
the  lines  AB  and  AC  drawn  towards  the  summer  and  win- 
ter solstices  respectively  ;  the  angle  included  between  these 
lines  at  the  point  A  will  denote  the  difference  of  the  ampli- 
tudes of  the  sun  when  at  the  solstices,  southern  amplitudes 
being  supposed  negative.  These  lines  when  laid  out  may 
be  called  AB  and  AC;  and  if  we  measure  a  distance 
AB  =  e,  AC  =  h,  and  BC  =  n  ;  and  call  the  amplitudes 
of  these  lines  A  and  A',  we  shall  have 


0) 


An\{A-A')  =  i^^{'t  +  h-r){u-h^,- 


If  the  AB  =  AC,  we  shall  have  h  =  c,  and  then  equa- 
tion (1)  gives 

(2)  sinH-4-^')  =  | 

which  gives  the  angular  distance  between  the  places  of  sun- 
rise or  sunset  at  the  summer  and  winter  solstices. 

If  we  now  denote  the  latitude  of  the  place  of  observation 
by  <^,  the  declination  of  the  sun  by  8,  and  the  horizontal 
refraction  by  fi,  the  amplitude  of  the  sun  when  in  the 
horizon  will  be  given  by  the  equation 

,,,,  .      .        sin  8  +  sin<i  sind 

(o)  sin.4  = !- 

cos<^  cosp' 

and  if  we  denote  the  oldiquity  of  the  ecliptic  by  c,  we  shall 
have  at  the  summer  solstice     8  =  t     and  at  the  winter  sol- 


stice   8  =  —  £ ;    and  equation  (3)  will  give  for  these  values 
of  8 

sin  £  +  sin  <^  sin  (3 


cos<^  cosfi 


sin.l  =  ^ ^        ^  (4) 

cos<^  cosp  ^ 

,,        — sint  +  sind  sind 

sin.r=  —^ (5) 

cos<^  cosp  ^  ' 

These  equations  show  that  the  sun's  amplitudes  would 

be  equal,  and  have  contrary  signs  at  the  solstices,  if  thei'e 

were  no  refraction.     But  if  we  subtract  equation  (5)  from 

(4)  the  refraction  will  be  eliminated,  and  we  shall  find     (6) 

sin.l-sin.l'  =   2sin  .'  {A-A')  cos  J  (.1  +  ^')  "'^"'' 

This  equation  gives 

sint  =  sin  i(-4  — ^')  coS(^  cos|3  cosj  (4+^')  (7) 
and,  if  we  neglect  the  square  of  the  refraction,  we  may  put 
cosp'  =   1,      also      cosi(^  +  yl')   =   1,     and   equation  (7) 

will  become 

sine  =  smh{A  —  A')  cos<^  (8) 

This  equation  contains  the  two  unknown  quantities  A  and 
A',  but  since  we  only  need  the  difference  of  those  quantities,  we 
have  already  found  this  by  means  of  equation  (2) ;  and  if 
we  substitute  that  value  of  sini(yl  — ^')  in  equation  (8) 
we  shall  get 


=  2-^cos<^ 


(9) 


If  we  now  suppose  the  distances  AB  and  AC  to  be,  say 
200  feet,  and  if  we  attach  a  circular  disk  to  a.  pointed  staff, 
the  disk  having  an  apparent  diameter  somewhat  less  than 
that  of  the  sun  as  seen  from  the  point  A,  we  shall  be  able 
to  bisect  the  sun's  disk  with  very  considerable  accuracy. 
Then  hj  measuring  the  third  side  of  the  triangle  BC  =  a 
we  ought  to  be  able  to  get  the  angle  between  the  lines  AB, 
AC,  within  1';  and  then  equations  (8)  or  (9)  would  give 
the  obliquity  of  the  ecliptic  with  a  like  degree  of  precision. 

If  we  suppose  the  place  of  observation  to  be  in  latitude 
20°  north,  and  the  horizontal  refraction  to  be  36',  we  shall 
have  <^  =  20°,  p'  =  36'.  Then  if  we  put  the  numerator  of 
equation  (3)  equal  to  nothing,  we  shall  liave  8=  —  0°12'20"; 
and  hence  a  star  whose  declination  is  —0°  12'  20",  rises 
exactlj'  in  the  prime  vertical  circle  of  20°  north  latitude. 
If  we  put  8  =  0°,  in  equation  (3)  we  find  A=  +0°  13'  6" ; 
whence  it  follows  that  an  equatorial  star  rises  by  that 
amount  to  the  northward  of  the  prime  vertical.  Again,  if 
we  take  8  =  ±24°  0',  which  was  about  the  declination 
of  the  sun  at  the  solstices  at  the  epoch  of  the  Cahjourjhum , 
we  shall  find  A  =  +25°  53'  30",  A'  =  -25°  24'  25", 
instead  of  ±25°  38' 50",  which  would  be  the  value  were 
there  no  refraction.  We  thus  see  that  the  refraction  in 
amplitude  is  least  for  stars  which  rise  in  the  prime  vertical, 
and  increases  very  nearly  according  to  the  same  law  for 
stars  in  north  or  south  declination. 

Strictly  speaking,  the  horizon  is  not  a  convenient  circle 
of  reference  for  stars ;  for  it  is  very  seldom  that  any  except 
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the  very  brightest  ones  hecome  visible  until  they  are  some 
degrees  above  the  horizon ;  but  for  the  sun  it  is  both  useful 
and  convenient,  es])ecially  during  the  infancy  of  astronomy. 
I  have  already  explained  how  lines  may  be  drawn  with 
great  precision  towards  the  solstitial  risings  and  'settings  of 
the  sun ;  and  if  we  bisect  the  angle  included  between  those 
lines  we  shall  have  the  directions  of  the  equinoctial  risings 
and  settings  of  the  sun,  or  the  east  and  west  points  of  the 
horizon,  were  it  not  for  the  effect  of  refraction,  which  we 
have  seen  would  throw  those  points  nearly  one-(piarter  of  a 
degree  to  the  north.  However,  since  the  sun's  daily  motion 
in  declination  is  very  rapid  at  the  time  of  the  equinoxes,  it 
would  be  a  comparatively  easy  problem  to  determine  with 
considerable  precision,  the  length  of  the  tropical  year  by 
merely  noting  the  intervals  between  a  few  consecutive  re- 
turns to  such  fixed  points  in  the  horizon.  Hut  unless  the 
effect  of  refraction  was  known  and  allowed  for  the  interval 
between  the  vernal  and  autumnal  e(iuinox  would  be  at  least 
a  day  longer  than  the  interval  between  the  autumnal  and 
vernal ;  supposing  of  course  that  the  sun's  motion  in  longi- 
tude was  uniform.  And  since  the  landmarks  of  the  heavens 
are  invisible  when  the  smi  is  above  the  horizon,  it  would 
be  a  matter  of  some  difficulty  to  transfer  the  place  of  the 
sun,  when  at  the  equinox,  to  its  proper  place  among  the 
stars.  And  therefore  it  is  not  strange  that  the  sun's  longi- 
tude should  be  given  in  the  Indian  Tables  with  much  less 
precision  than  that  of  the  moon  and  planets. 

It  would,  perhaps,  be  easier  to  obtain  essentially  the 
same  results  by  the  use  of  a  high  gnomon  ;  but  my  juirpose 
has  been  to  show  how  these  elements  of  astronomy  might 
be  obtained  without  tlie  use  of  instruments. 

The  eccentricity  of  the  sun's  apparent  orbit  may  be  ob- 
tained by  two  methods;  neither  of  which  requires  a  knowl- 
edge of  the  laws  of  elliptical  motion,  nor  the  use  of  angular 
instruments  for  measurements.  The  first  of  these  methods 
consists  in  noting  the  interval  of  time  required  for  the  sun's 
disk  to  pass  the  meridian  in  the  different  parts  of  its  orbit. 
If  we  note  these  intervals  daily,  and  multiply  them  by  the 
cosine  of  the  sun's  declination,  we  shall  have  a  series  of 
numbers  which  pass  from  a  mininnim  to  a  maximum  and 
the  reverse,  and  which  are  inversely  propoi-tional  to  tlie 
sun's  distance  from  the  earth  ;  and  the  quotient  found  by 
dividing  the  maximum  of  these  numbers  by  the  minimum, 

Cleveland,  Ohio,  1896  January  1. 


will  be  equal  to  miity  plus  twice  the  eccentricity  of  the 
sun's  orbit. 

The  second  method  consists  in  measuring  the  actual 
length  of  the  cone  of  sliadow  of  a  spherical  ball,  or  of  a 
circular  disk,  when  the  sun  is  at  its  greatest  and  least  dis- 
tances from  the  earth.  If  we  sujjpose  a  circular  disk,  two 
feet  in  diameter,  to  be  placed  at  such  a  distance  from  the 
eye  as  to  just  cover  the  sun  when  nearest  to  the  earth  ;  it 
would  be  necessary  to  place  it  about  eight  feet  further  from 
the  eye  in  order  to  just  cover  it  wlieii  farthest  from  tlie 
earth.  We  should,  in  tliis  case,  have  a  base  of  about  eight 
feet,  or  ninety-six  inches;  and  if  these  distances  co\dd  be 
measured  so  closely  as  not  to  involve  an  error  of  nuire  than 
one-tenth  of  a  foot,  their  ratio  would  give  the  eccentricity 
so  nearly  correct  that  the  sun's  etpiation  of  the  center  would 
not  be  more  than  1."  or  3'  in  error. 

We  thus  see  that  the  astronomers  of  India  had  the 
means  of  determining  the  elements  of  the  orbits  of  the  sun 
and  moon  with  all  the  precision  those  elements  actually 
possess;  and  the  hypothesis  that  several  thousand  years 
would  be  required  in  order  to  build  up  their  rude  system 
of  astronomy  seems  to  be  withojiit  any  logical  foundation. 
It  is  true,  however,  that  the  mean  motions  which  they  as- 
sign to  the  planets  Jiipifrr  and  Scfiini  are  so  nearly  exact 
that  several  hundred  years  would  seemingly  be  recpiired  in 
order  to  attain  that  degree  of  precision  without  the  use  of 
angular  instruments;  but,  on  the  other  hand,  the  errors  in 
their  determination  of  the  length  of  the  sidereal  and  tropi- 
cal years  are  too  great  to  allow  us  to  suppose  that  they 
possessed  any  instruments  of  that  character.  We  may,  there- 
fore, reasonably  conclude  that  the  places  assigned  by  the 
astronomers  of  India  to  the  several  bodies  to  which  I  have 
called  attention,  are  founded  on  observations  which  were 
made  in  India,  near  the  epoch  of  the  Cali/oiif/Jinm  ;  and 
that  they  possess  a  degree  of  precision  that  could  only  be 
attained  by  long  and  patient  observation,  supplemented  by 
laborious  calculations,  which  were  based  on  correct  theoreti- 
cal knowledge  in  regard  to  the  sj'stem  of  the  world  ;  and  it 
is  peculiarly  gratifying  to  be  able  to  find  in  the  ancient 
literature  of  India,  such  valuable  confirmations  of  the  testi- 
mony of  the  numerous  solar  eclipses,  in  regard  to  the  cor- 
rectness of  purely  theoretical  deductions  of  science,  which 
were  made  five  thousand  years  later. 


XEW   ELEMENTS  OF   THE   OEBIT   OF   /3  41(3 
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LAC.  7215. 


Since  Buknham's  discovery  of  this  rapid  binary  in  1876, 
the  companion  has  described  an  arc  of  280°.  The  magni- 
tudes of  the  components  are  6.4  and  7.8  respectively,  and 
as  the  pair  is  never  closer  than  0".5S  the  object  is  difficult 
only  on  account  of  its  southern  declination.     Tlie  period  is 


surprisingly  short  for  a  system  of  such  considerable  separa- 
ration,  and  this  circumstance  lends  decided  probability  to 
the  view  that  the  jiarallax  is  sensible.  Provisional  ele- 
ments for  this  system  have  been  computed  by  Glasexapp, 
Gore  and  Hri:.\iiA:M.     'Their  lesults  are  as  follows: 
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p 

T 

e 

a 

ft 

i 

'A 

Authority 

Source 

Yeurs 

34.85 
34.48 
24.7 

1892.00 
1891.85 
1892.26 

0.65 

0.556 

0.56 

1.52 
2.13 
1.46 

104^3 
139.4 
122.0 

45.4 
56.7 
44.4 

300?7 

278.2 

93.5 

Glasenapp,  1893 
Gore,  1893 
Burn  ham,  1893 

Astron.  and  Astroph.,  May  1893 
Monthly  Notices,  March  1893 
Publ.  Lick  Obs.  vol.  II,  p.  247 

The  observations  which  I  recently  secured  at  the  Wash- 
burn observatory  have  enabled  me  to  redetermine  the  orbit 
of  this  interesting  .star.  Using  all  available  measures,  I 
tind  the  following  elements  of  /3416  : 


P  =  33.0  years 

Q,    =   144°.6 

T  =  1891.85 

I  =     37°.35 

e  =  0.512 

\  =     SGM 

a   =   1".2212 

H  =    -9°.0908 

Apparent  orbit : 

Length  of  major  axis  =  2". 76 

Length  of  minor  axis  =  2".38 

Angle  of  major  axis  =  142°.5 

Angle  of  periastron  =  59°.5 

Distance  of  star  from  center  =  0".61 


Comparison  of  Computed  wiiii  Observed  Places. 


t 

Go 

6' 

P» 

Pc 

Oo-e. 

Po—Pc 

?i 

Observers 

1876.52 

240.  ± 

2h°A 

1.8± 

1.79 

+  6°6 

+o."oi 

1 

Burnham 

1877.53 

222.6 

228.2 

1.80 

1.79 

-5.4 

+  0.01 

1 

Cincinnati 

1877.64 

224.4 

227.6 

1.77 

1.78 

-3.2 

-0.01 

1 

Russell 

1888.72 

147.5 

147.7 

1.88 

1.19 

-0.2 

+  0.69 

1 

Burnham 

1889.43 

135.2 

i;56.7 

1.17 

1.04 

-1.5 

+  0.13 

2-1 

Burnham 

1889.63 

131.9 

l.'W.l 

0.97 

1.00 

-1.2 

-0.03 

1 

Pollock 

1891.53 

81.2 

75.2 

0.53 

0.60 

+  6.1 

-0.07 

3-2 

Burnham 

1892.38 

24.4 

34.0 

0.61 

0.61 

-9.6 

0.00 

4-3 

Burnham 

1894.57 

330.8 

333.6 

0.94 

1.10 

-2.8 

-0.16 

7-2 

Sellers 

1895.60 

321.7 

319.9 

0.91 

1.30 

+  1.8 

-0.39 

2-1 

Comstock 

1895.74 

320.0 

318.4 

1.30  ± 

1.32 

+  1.6 

-0.02 

1 

See 

The  angular  motion  during  the  last  three  years  has  not 
been  very  rapid,  and  the  constancy  of  areas  shows  that  the 
distances  have  been  somewhat  undermeasured.  It  is  now 
apparent  that  the  period  will  be  sensibly  longer  than  Burx- 
HAM  supposed.  The  value  found  above  is  not  likely  to  be 
in  error  by  more  than  one  year,  while  the  correction  of  the 
eccentricity  will  hardly  exceed  ±0-03.  Considering  the 
small  number  of  observations  on  which  this  orbit  is  based, 
the  elements  may  be  regarded  as  highly  satisfactory.  As 
this  system  is  visible  in  the  United  States,  it  is  worthy  of 

Tlie  University  of  Chicago,  1895  Dec.  10. 


particular  attention  from  American  observers.     The  coordi- 
nates for  1900.0  are : 

a   ==   17'>  12"\1;     S   =    -.34°  52' 
The  following  ephemeris  gives  the  place  of  the  companion 
for  five  years : 


t 

Pc 

1896.50 

310.6 

1.43 

1897.50 

302.1 

1.54 

1898.50 

294.6 

1.62 

1899.50 

287.7 

1.69 

1900.50 

281.5 

1.72 

NOTES   01^^  VARIABLE   STARS,  — No.  12, 

Bv  HENRY   M.  PARKHURST. 

Results     of     Observations. 


No. 

Star 

Phase 

Obsen 
Julian 

red  Date 
Calendar 

E 

Corr. 

W 

Remarks 

7431 

S  Delphbii 

Max. 

3443 

IS'JS 

Sept.    6 

39 

0 

9 

7455 

U  Cajjrh'oriii 

Max. 

3525 

Nov.  27 

69 

-21 

7 

Agrees  with  tlie  result  of  the  two  previous  years 

7458 

V  Delphinl 

_ 

— 

_ 

— 

- 

— 

Periodicity  not  yet  certain 

7468 

T  Aquaril 

Max. 

3496.1 

Oct.    29 

61 

-    1 

9 

Repeated  fluctuations 

7492 

liZ  Cyijnl 

- 

- 

— 

- 

— 

— 

Period  probably  more  than  a  year 

7560 

li  Vulperulae 

Max. 

3455.2 

Sept.  18 

80 

—   7 

9 

a 

a 

Min. 

3535 : 

Dec.     7 

81 

2 

1 

Estimation  independent  of  prediction 

7577 

X  Capricorni 

Max. 

3449 

Sept.  12 

47 

+   2 

9 

Interruption  from  moon  for  16  days 

94 
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Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

liemarks 

Wii^ 

7590 

Z  Caprlrorti ! 

Max. 

3526 

Nov.  28 

— 

- 

6 

Suggested  period  181  (lays 

7733 

Y  Cnpncorni 

Max. 

3488 

Oct.   21 

18 

-10 

6 

Double  period  not  vol  tested 

7909 

S  Fisc.Aiistrlni 

]\Iax. 

3516 

Nov.  18 

7 

—  s 

9 

7994 

J\  Pisi-.Austriin 

- 

- 

- 

- 

- 

- 

Maximum  aiiproacliin!;  in  December 

8068 

S  Larertae 

Min. 

3461 

Sept.  24 

3 

+   7 

6 

Comiiarctl  « itb  my  I'lemculs  in  A.J.  ;j39 

(( 

a 

Max. 

3565.9 

Jan.     6 

3 

+  5 

9 

Compared  with  my  elements  in  A.J.  oS'j 

(8104) 
(8106) 

—  Aquarli 

—  Pegas! 

_ 

_ 

_ 

_ 

— 

— 

Xo  material  clianjie  observed  in  three  years 

- 

- 

- 

- 

- 

- 

No  material  change  observed  in  three  years 

8230 

S  Aqiiarii 

Max. 

3537 

Dec.     9 

47 

-   4 

9 

8373 

SPe'jaxi 

Jliu. 

3507 

Nov.    9 

36 

+  10 

8 

Assuming  il — m  as  in  A.J.  34(5 

8598 

U  Peijasi 

Mill. 

3481.65 

Oct.    14 

1683 

- 

Confirms  variation,  period  2.07;  See  A.J.  358 

a 

a 

Min. 

3488.546 

21 

1713 

-0.002 

8 

Contlrms  period  of  O.U'.t  days 

a 

(( 

IMiii. 

3502.584 

Nov.    4 

1774 

+  0.006 

6 

Confirms  period  of  0.23  days 

8600 

E  Cussiopeae 

Max. 

3449.4 

Sept.  12 

35 

+  22 

9 

8622 

WCeti 

- 

- 

- 

- 

- 

- 

Xot  seen,  October-.January:   A.J.  342  and  347 

Individual  Ob.sekvatioxs. 

7431   SDelphini. 

7468   TAquarii 

—  Cont. 

7577  X Capri. —  Com. 

IQQ^SPisc.Austi 

.-Cont. 

(8104)  FAquarii. 

Julian    Calendar       Mag. 

Julian     Calendar 

Mag. 

Julian     Calendar       Mag. 

Julian     Calendar 

Mag. 

Julian     Calendar         Mag. 

3423.6  Augr^K     10."l3.. 

IS'Jj 

3492.5  Oct.    25 

6.91„ 

IS»5                            M 

3429.6  Aug.  23     11.44.. 

3516.5  Novr'l8 

SI 

8.20., 

2694      Aiig.'"l8  to 

3429.6             23     10.25,. 

3495.5            28 

7.48: 

3445.5  Sept.    8     11.12' 

3450.6  13     11.17,, 

3520.5            22 

8.72: 

2843     Jan.    14         11 

3431.5            25     10.2.  „ 

3496.5            29 

6.89„ 

3525.5            27 

8.99: 

3064     Aug.    23  to 

3442.5  Sept.    5       9.83., 

3497.5            30 

7.35., 

3451.6            14     11.04: 

.3532.5  Dec.      4 

9.13., 

3211     Jan.    17         11 

3445.6              8       9.37„ 

.•^499.5  Nov.     1 

6.9S., 

3452.6            15     11. OG: 

3539.5             11 

9.3 

3421     Aug.   15  to 

3448.6             11      10.1.-.., 

3501.5              3 

7.87., 

3454.6             17     11.27: 

3542.5            14 

9.29, 

3543     Dec.    15         11 

3449. ()             12     lO.Ki 
3450.5            13       9.35., 
3451.5            14       9.58. 

7492  JiZCi/gni. 

lSSH-6 

2988     June    8  to 

3455.(;             18     11.20: 
3459.G            22     11.32: 

7994  1!  Fisri.-! Austrini. 
1SM-; 

19  dates 
(S10{))  -Ferjfisi. 

3152     Nov.  19 

11.5] 

7590  Z  Caprirorni. 

3121.6  Oct.    19  to 

2694     Aug.   18  to 

7455    U  Caprirorni. 

6  dates 

itm 

3178.5  Dec.    15 

11.7] 

2860     Jan.    31         13 

(Continued  from  339) 

3183     Dec.    20 

11.5 

3513.5  Nov.  15       9.87„ 

4  dates 

3064     Aug.  23  to 

3449.6  Sept.  12     12.3] 

3209     Jan.    15 

11.0 

3514.5             16     10.16: 

3485.6  Oct.    18 

11.3] 

3211     Jan.    17         13 

3490.6  Oct.    23     12.0] 

3213               19 

11.0 

3517.5             19       9.99: 

3507.5  Nov.     9 

12.05 

3421     Aug.   15  to 

3503.5  Nov.     5     12.0] 

3221               27 

10.8 

3519.5             21      10.16: 

.3516.5            18 

11.27., 

3574     Jan.    15         13 

3509.5            11     11.80., 

3386     July  11  to 

3525.5             27       !l.7S: 

3532.5  Dec.      4 

9.57., 

19  dates 

3516.5            18     11.44., 

3574     Jan.    15 

11.5]: 

3533.5  Dec.      5     lU.OO: 

3539.5            11 

9.0 

3519.5            21     11.0.3., 

14  date.s 

3539.5            11     10.54: 

3542.5            14 

8.87., 

8230   ,S  Aquurii. 

3521.5            23     10.97., 

(Continued  from  346) 

3532.5  Dec.      4     11.43.' 

7560  /('  Viilpeciilae. 

,  7733    Y  Cajrricomi. 

8068   SLare, 

tac. 

.■!491.(;  ()ct!"'"24     11.4] 
3510.5  Nov.   12     10 

3534.5              6     11.54 

(Continued  from 

311) 

(Continued  from  339) 

1885 

(Continued  from 

339) 

7458    VDelphini. 

3421.6  Augr\5 
3427.6            21 

10.6 
9.76„ 

3425.5  Aug.  19     12.5] 

3449.6  Sept.  12     12.5] 

181)5-11 

3423.6  Aug.  17 
3427.6            21 

11.7 
11.6 

3513.6            15       9.1 
3516.6            18       9.88 

(Continued  from  339) 

lS»i-C 

3434.6            28 

9.01„ 

3459.6             22     12.5^ 

3428.6            22 

12.31., 

3525.5            27       8.89. 

3423.6  Aug.  17     12.9 

3445.6  Sept.    8 

8.29.; 

3475.5  Oct.      8     11. G 

3431. G            25 

12.41: 

3531.5  Dec.     3       9.10., 

3424.6            18     12.88., 

.3450.6            13 

8.571 

3477.6            10     IL'.OS,, 

3447.6  Sept.  10 
3460.5            23 

12.7  ■ 

3539.6            1 1       8.44: 

3447.6  Sept.  10     13.4  " 

34.54.5            17 

7.90; 

3484.6            17     11. 5G: 

12.73.. 

3542.5            14       8.42: 

3455.6            18  to 

3456.6            19 

7.80„ 

3488.6            21     11.52: 

3475.5  Oct.      8 

12.6]' 
12.57„ 

.3.544.5            16       8.86: 

3574.0  Jan.    15     13.2] 

3459.6            22 

8.57„ 

3502.5  Nov.     4     12.30: 

3485.5            18 

3.555.5             27       9.12: 

7  dates 

3460.6            23 

8.2i; 

3508.6            10     12.45" 

3490.6            23 

12.42' 

3559.5            31       9.07: 

7468  TAquarii. 
(Continued  from  339) 

1895 

3464.6            27 
3467.6            30 
3488.5  Oct.    21 

8.131 

8.62: 

10.76„ 

7909  S Piscis  Austrini. 

18M-5 

3121.6  Oct.    19  to 

3516.5  Nov.  18 
3533.5  Dec.     5 
3543.5            1 5 

11.2 
10.20„ 
9.70: 

8373  SFer/axi. 
(Continued  froiil  346) 

3424.5  Aug.  18     12.0 

3509.5  Nov.  11 

12.9]' 

3178.5  Dec.    15     11.0] 

355'.  (.5            31 

7.8;!: 

3447.6  Sept.  10     12.0 

34.55.5  Sept.  18       9.55., 

3561.5  Jan.      2 

11.33., 

4  dates 

35(;i).5  Jan.      1 

7.8.3: 

3459.6            22     13.0 

3467.6            30       8.67^ 
3474.5  Oct.      7.      7.73', 

7577  X  Capricornl. 

3485.6  Oct.    18       9.6 
3487.6           20     10.13 

3561.5              2 
3571.5            12 

7.89: 
7.69: 

3460.5            23     12.76„ 
3475.5  Oct.      8     1 2.4  " 

3481  5            14       7.45.; 

(Continued  from  311) 

isit5 

3490.6            23      9.66„ 

3577.5            18 

8.07: 

13477.6            10     12.88, 

3487.5            20       7.60.', 

3424.6  Aug.  18 

11.45., 

3507.5  Nov.     9       9.37' 

3587.5            28 

8.24. 

.3484.6            17     I2.6I: 

3491.5            24       7.26^ 

3425.6            19 

11.53,: 

i3509.5            11       8.88., 

3600.5  Feb.    10 

9.16: 

;3490.6            23     12.92' 

N"-  372 
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8373  SPegus!.- 

-  Cont. 

8598  UPef/asi.  — Cont. 

8598  UPe. 

i/as!.  - 

-  Cont. 

8598  UPn/ 

ixi.  — 

Cont. 

8600  li  Casalnp. — 

Cont. 

Julian     Calenilai- 

Mag. 

Julian     Calendar   Mag. 

Julian      Calendar  Mag. 

Julian     Calendar 

Mag. 

Julian    Calendar 

Mag. 

18% 

3508.6  Nov.  10 

13.01,, 

3481. 

566  Oct.  14  10.21 

1895                         .M 

3488.531  Oct.  21  10.24,, 

3502.594  Nov.  4    10.56,, 

3450.6  Sept  13 

6.59., 

3510.5            IS 

12.(!;i., 

586                10.14 

.538 

10.51,, 

.608 

10.50., 

3451.5            ]4 

6.96,, 

351<).(;            21 
3540.(3  Dec.   12 

12.48,, 
12.1>3.' 

605                10.50 
613                10.40 

.547 
.554 

10.58„ 
10.47,, 

8600  R  Cassiopeae. 
(Continued  from  346) 

3452.6            ]5 
3454.5            17 

6.V9„ 
7.04, 

8598    U  Peyasl. 

180S 

.024                 10.77 
3488.465  Oct.  21    9.57,, 

.561 
3502.517  Nov.  4 

10.4.3, 
10.45.' 

iwir. 

.3424.6  Aug.  18 
.3431.6            25 

9.18, 

8.46„ 

3456.6            19 
8622    WCetl. 

V.02, 

3481.497  Oct.  14 

9.88 

510                10.03,, 

.543 

10.05., 

.3434.6 

28 

7.77, 

3485.6  Oct.    18  to 

.512 

9.S7 

515                10.20,, 

.568 

10.36, 

3442.6  Sept. 

5 

7,08., 

3561.5  Jan.      2 

2] 

.546 

10.07 

522                10.37„ 

.587 

10.94: 

3447.6 

10 

0.84., 

4  dates 

Comparison-Sta  rs  . 

7590  Z  Caprieonil. 

7909  SP!s,'h^ 

iiistrini. 

7 

D94  R  PiscisAiistn'ni. 

7994  RPisc.Austrini.- 

Cent. 

Star           DM. 

Mag. 

n 

■star           C.DM. 

Mag.     n 

Star 

C.DM.         Mag. 

n 

Star 

C.DM.        Mag. 

n 

.V    _i(;°r,,so4 

s.yo 

4 

F     -2S°17533 

7.15     4:M 

P 

—  30°190S1     0.28 

4 

]X 

-30°190S5  12: 

0 

l^V     _1(;°5S16 

8.41 

..) 

G     -28°17605 

7.30     3 

IP 

-30°19073     9.01 

\M 

r 

-30°1908S  11.27 

2 

T     _16°5815 

9.06 

i 

/    —  28°17604 

7.83     2 

Q 

-30''19062     9.07 

QM 

1  Y 

-30°iy089  11..30 

4 

W     -16°5803 

10..3S 

5 

M     -2S°17592 

8.34     8 

R 

-.30n9102     8.78 

1 

z 

-30°19087  11.70 

2 

A'     -16°5809 

10.51 

8 

X     -28°17554 

8.42     4 

IR 

-30°19054     9.17 

071/ 

Y     -]6°5S12 

11.50 

2 

P     -28°17587 

8.68     9 

S 

-29°1S287     9.87 

OM 

8598    UPegasi. 

Z     -16^5813 

11.99 

1 

IP     -2S°17.537 

8.65     2 

T 

-30°19094     9.79 

2 

H 

+  14°5077       8.02 

2ylf 

2P     -28°17600 

9.11  12 

IT 

-29°]  8274     9.53 

4ilf 

K 

+  1.5°4y03       8.41 

2i)f 

T     -28°]  7558 

9.29     6 

U 

-2y°18270     9.93 

AM 

R 

+  15°4916       9..33 

*> 

• 

U     -28°17568 

9.77     3 

lU 

-29°]  8284  10.12 

Oil/ 

3Z 

+  15°49]2     10.72 

4 

A'    -28°17573 

11.06     1 

TV 

-30°19096  11 

0 

a 

ilnpSZ        ]].0] 

4 

OBSERVATION'S   OF   COMET  a.  1896, 

MADE    WITH   THE   6.2-IXCH   REFLECTOK    .\XD    FILAR    MICROMETER, 

By  J.  A.  PARKHURST. 


1896  Central  Stand.  Time 

* 

No. 

#- 

-* 

#'sa 

pparent 

log 

/'A 

Comp. 

Ja 

Jh 

a 

8 

for  a 

forS 

ll         lit        s 

m      s 

*            II 

h 

lu         S 

0           ' 

// 

Marcli    2 

i        O 

1 

6 

-  9  33.9 

+  51  33 

24.6 

0.438 

7  18  53 

1 

4 

+  1  11.42 

.    .    . 

0 

47  55.76 

9.840 

3 

7  10 

o 

10 

-   4  51.8 

+  51  46 

.3.9 

0.387 

7  20  45 

o 

3 

+  0  29.09 

1 

9  27.13 

9.837 

4 

7     6 

3 

10 

+   6     9.1 

+  51  44 

18.3 

0.284 

7  18  21 

3 

4 

-0  25.81 

1 

28  40.79 

9.823  ■ 

i 

7  10  30 

4 

7 

+  0  52.5 

. 

+  50  49 

55.5 

0.143 

7  21  30 

o 

1 

-0  17.19 

•       .        • 

2 

14  27.18 

9.788 

8 

7  14 

6 

6 

. 

-20  32.4 

+  50  23 

42.9 

0.134 

7  27  31 

6 

4 

-1  42.09 

. 

2 

26  25.47 

9.780 

11 

7  13  10 

7 

7 

• 

+   0  40.8 

+  49     0 

58.8 

0.074 

7  23     5 

t 

6 

-1  54.61 

.    .    . 

Q 

54  49.70 

9.748 

12 

8     2     8 

8 

o 

< 

+  17  50.2 

. 

+  48  31 

45.4 

0.330 

8  13     7 

8 

5 

+  0  19.44 

.    .    . 

3 

2  40.54 

•    • 

9.789 

•    . 

Mean  Places  for  1S96.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

h       ra      s 

8 

O            '             It 

II 

1 

0  46  45.67 

-1.33 

+  51  42  47.5 

+  11.0 

i  (Rogers,  Cambr.  A.G.  Catal.  378+Paris) 

o 

1     8  59.21 

-1.17 

+  51  50  43.0 

+  12.6 

Rogers,  Caiubr.A.G.  Catal.566     [  +2  Paris) 

3 

1  29     7.60 

-1.00 

+  51  37  55.2 

+  1.3.9 

i  (2  Rogers,  Cambr.  A.O.  Catal.709  + Argel.1842 

4 

2  14  .32.44 

—  0.55 

+  50  48  46.8 

+  10.2 

\  (2  Rogers,  Cambr.A.G.  Catal. 1096  +  Bonn  VI) 

0 

2  14  44.93 

-0.55 

+  50  58  54.5 

+  16.3 

\  (2  Rogers,  Cambr.A.G.  Catal.l099  +  Romi  VI) 

6 

2  28     7.97 

-0.42 

+  50  43  58.5 

+  16  8 

^(2  Rogers, Cambr.A.G.  Catal. ll95  +  i:oiin  VI) 

7 

2  56  44.42 

—0.12 

+  48  59     0.7 

+  17.3 

Deichmtiller,  Bonn  A.G.  Catal.  2574 

8 

3     2  21.17 

-0.07 

+  48  13  38.0 

+  17.2 

i(2          "          BonnA.G.Catal.2640  +  I!onnVI) 

Position  of  oljservatory: 
ilarengo,  Illinois,  1896  March  31. 


Longitude,  S""  54™  25M8  from  Greenwich    ,     Latitude,  +42°  14'  51  ".5. 
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OBSEKYATIOXS   OF   COMET  1895  II  (a  1895), 


5IAI>K    AT   THE    LICK    OUSEltVATOKY,    AVITII    THE 

Bv  \V.  W.  CAJirUELL  AM)  \V.  J 


30-IXCII    El^lATOlIIAL, 

iirssEv. 


1S96  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

/ 

-* 

.^8 

^'s  appariMil 
a            1             8 

logpA 
foro      1    for  8 

Obs. 

Jan. 

3 

h            ID       8 

8  24  54 

25 

(13 

2 

III 

+  0 

ILIS 

+  0  35.2 

ll             111           8 

2  17     0.77 

O           /            It 

4-   9  27  23.7 

9.097 

0.618 

C 

4 

0  49  24 

27 

d- 

4 

-0 

5.75 

+  0  20.4 

2  18 

8.91 

+   9  34  42.4 

«8.820 

0.614 

C 

9  14  IS 

27 

dl 

5 

+  0 

1.30 

+  1   14.7 

2  18 

1 5.90 

+   9  35  30.7 

9.354 

0.027 

(' 

9  46  13 

28 

d5 

+  0 

9.02 

.    .    . 

2   18 

17.30 

9.448 

H 

6 

7  44  24 

29 

dl 

1 

+  0 

2.53 

-0  44.3 

2  20 

38.83 

+   9  50  51.4 

8.771 

0.610 

C 

9     9  54 

29 

do 

10 

+  0 

C.85 

-0  21.0 

2  20 

4.S.15 

+   9  51  14.7 

9.3()0 

0.624 

H 

9  44  49 

29 

d6 

+  0 

8.70 

2  20 

45.00 

•        •        • 

9.401 

C 

8 

7  15  44 

31 

4 

+  0  38.1 

. 

. 

+  10     6  30.1 

0.605 

H 

8  25  54 

31 

dl 

6 

-0 

3.28 

+  0  58.2 

2  23 

11.00 

+  10     0  50.2 

9.188 

0.612 

C 

8  41  58 

31 

do 

-0 

2.59 

2  23 

11.09 

•        • 

9.207 

. 

H 

9 

10  30  48 

33 

rf4 

4 

-0 

0.92 

-0  33.4 

2  24 

33.18 

+  10   15  21.7 

9.570 

0.051 

(' 

31 

0  52  38 

35 

'> 

,        , 

+  0     9.9 

+  13     4  32.8 

. 

0.561 

C 

Feb. 

»> 

9  15  27 

37 

</C 

-0 

5.37 

• 

2  57 

1.70 

9.508 

.    . 

C 

9  38  28 

37 

d3 

-0 

4.51 

•         • 

2  57 

2.56 

9.580 

H 

5 

7  21  49 

39 

5 

+  1  49.7 

+  13  41  49.0 

0.560 

H 

8  34     4 

39 

dA 

3 

— () 

7.70 

+  2     3.1 

3     1 

18.21 

+  13  42     2.4 

9.486 

0.590 

C 

Mean  Places  for  1S96.0  of  Gomjyarison-Stars. 


Red.  to 

Red.  10 

1 

* 

a 

app.  place 

8 

app.  place 

Authority 

25 

h 
O 

le"  48.64 

+  0.95 

O 

+   9 

26 

40.2 

+  8.3 

11"  ±,  connected  with  *20 

26 

2 

15  19.53 

+  0.94 

+   9 

31 

40.9 

+  8.3 

DM.  9°300,  merid.-cire.  deterniinutiou  bv  Tucker| 

27 

2 

IS  13.72 

+  0.94 

+   9 

34 

7.7 

+  8.3 

13"  ±,  connected  with  5|<20 

28 

2 

18     7.40 

+  0.94 

+   9 

30  ± 

+  8.3 

14"  ±,  connected  with  >t:27 

29 

2 

20  35.38 

+0.92 

+   9 

51 

27.4 

+  8.3 

12"  ±,  connected  witli  *30     [  +  Knndi 

2"611) 

30 

2 

IS  36.24 

+  0.92 

+   9 

48 

2.7 

+  8.3 

-1  (2GIassow531  +2raris.,2y75  +  2Sclij 

681-2 

31 

2 

23  13.36 

+0.92 

+  10 

5 

43.7 

+  8.3 

14"  ±,  connected  with  *32 

32 

2 

21  10.80 

+  0.90 

+  10 

5 

50.3 

+  8.2 

\  (Gf.  9-vr.  221  +  Talis 3035  + Y.  1118) 

33 

2 

24  39.18 

+  0.92 

+  10 

15 

49.8 

+  8.3 

13"  ±,  connected  witli  H«34 

34 

2 

20  36.00 

+  0.90 

+  10 

10 

31.3 

+  8.2 

Porter's  proper-motion  star.s  170 

35 

2 

53  57.37 

+  0.85 

+  13 

4 

14.3 

+  8.0 

12"  ±,  connected  with  ^36 

36 

2 

56  44.41 

+0.87 

+  13 

2 

40.7 

+  8.6 

Sclijellerup  855 

37 

2 

57     6.24 

+  0.83 

+  13 

18 

45.7 

+  8.6 

15"  ±,  connected  with  ^38 

38 

3 

0     0.64 

+  0.85 

+  13 

18 

11.0 

+  8.0 

Schjellerup  870 

39 

3 

1  25.10 

+  0.81 

+  13 

39 

50.8 

+  8.5 

13",  connected  with  itc40 

40 

3 

6  30.67 

+  0.84 

+  13 

38 

51.9 

+  8.6 

^^'eisse■s  Bessel  III,  53 

NOTES. 


Professor  Tucker  kindly  deteiinined  the  position  of  ^  2(i  with  the 
meridian  circle. 

dindicates  that  the  right-ascensions  were  measured  directly  with  the 
micrometer. 

The  observations  made  between  .Jan.  o  and  Jan.  0  were  somewhat 

Mt.  Hamilton,  Cat,  1896  March  28. 


dillicult;  those  made  between  Jan.  31  and  Feb.  5  were  extremely  diffi- 
cult. The  sky  was  not  in  first-class  condition  on  any  of  the  February 
dates. 

The  theoretical  brightness  of  the  (■oniet  on  Feljruary  o  was  0.010 
of  that  at  discovery. 


C  O  N  T  E  NTS. 
Eclipses  and  CnuoNoi.oiiY,  isy  Pkof.  Johx  X.  Stockwei.l. 
New  Elements  ok  the  Orbit  of  /3  410  =  Lac.  721.5,  \\\  Dr.  T.  J.  J.  See. 
Notes  on  Vari.vule  Stabs,  —  No.  12,  uv  Mr.  Henry  M.  Parkhukst. 
Observations  ok  Comet  a  1800.  uv  Mr.  John  A.  Parkihrst. 
Observations  ok  Comet  IS'J.5  II  (a  ISO-")),  by  Professors  W.  W.  Campbell  axu 


W.  J.  IIlssev. 
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I  purpo.se,  in  the  present  paper,  dealing  witli  tiie  orbital 
elements  of  US  Sai/Ufaril  as  obtained  from  observations 
made  at  Lovedale  during  1895. 

I  have  already  (Antr.  Joiirn.,  No.  349)  given  the  chief 
elements  of  variation,  as  determined  from  observations 
made  during  April  and  May  1895.  These  elements  will 
require  some  slight  modification,  and  as  the  orbital  ele- 
ments depend  entirely  upon  the  light-curve,  it  is  necessary, 
in  the  first  jilace,  to  determine  the  form  of  the  light-curve 
with  all  possible  accuracy. 

The  observations  throughout  the  year  were  made  with  a 
one-inch  transit  glass.  Each  separate  observation  is  the 
mean  of  two  observations,  taken  at  the  same  time,  one 
direct,  and  the  other  reverse.  This  method  of  observation 
reduces  to  a  minimum  the  error  arising  from  the  position 
of  the  variable  with  respect  to  the  comparison-stars. 

In  determining  the  magnitude  oi  US  Sai/itfttrii  the  fol- 
lowing twelve  comparison-stars  were  employed. 


Estimatec 

U.A. 

jacaille 

R.A.  1900 

Decl.  1900 

Mag. 

Mag. 

h       m       s 

O            '              !/ 

M 

M 

7588 

18     3  27 

-32  43  53 

7.28 

7.0 

7592 

18     4  18 

33  49     9 

6.65 

6.5 

7(529 

18     8  47 

34  37  26 

7.54 

7632 

IS     9     6 

33     7  17 

7.69 

7651 

18  11  16 

33  25  54 

7.66 

7657 

18  11  51 

34  43  23 

7.61 

7661 

18  13  34 

35  28  11 

7.42 

7669 

18  14  21 

33  22     1 

7,67 

7684 

18  16  43 

36  17  14 

7.30* 

6.2 

7695 

18  18  38 

36     2  45 

6.88 

6.7 

7701 

18  19  18 

34     0     2 

6.92 

6.8 

7708 

18  20  38 

-36     4  28 

7.35 

*  So  in  tiriKinf 

1. 

The  magnitudes  both  of  the  comparison-stars  and  the 
variable  were  determined  by  the  method  of  sequences,  the 
reference-magnitude  being  6". 8,  the  magnitude  of  a  star 
just  visible  and  no  more. 

This  may  seem  rather  an  uncertain  starting  point,  but  in 
my  own  experience  the  uncertainty  has  not  been  so  great 


as  to  destroy  confidence  in  the  absolute  values  of  the  mag- 
nitudes so  determined.  Indeed,  it  is  possible  that  no  more 
definite  standard  can  be  obtained  than  this  simple  natural 
limit.  At  the  same  place,  and  under  the  same  cunditions 
of  observing,  it  can  probably  be  relied  on  to  less  than  one- 
tenth  of  a  magnitude. 

The  magnitudes  of  the  comparison-stars,  given  in  the 
preceding  table,  are  the  mean  values  obtained  from  com- 
bining all  the  measurements  made. 

It  is  of  some  interest  to  note  the  constant  difference  be- 
tween the  Lovedale  and  U.A.  values.     Thus 


L. 
L. 
L. 
L. 
L. 


7588 
7592 
7684 
7695 
7701 


E.-G.   = 


+  0.28 
+  0.15 
+  0.10 
+  0.18 
+  0.12 


It  would  ajipear  from  this  that  my  estimate  of  the  mag- 
nitude of  stars  near  the  seventh  magnitude  is,  on  the  aver- 
age, 0'".17  lower  than  that  of  the  Cordoba  observers,  a  result 
caused  by  the  poor  seeing  conditions  of  this  part  of  South 
Africa.  Sometimes,  for  weeks,  there  is  a  thick  haze  over- 
head, making  observations  of  any  kind  an  impossibilitj-. 

Lac.  7592,  used  as  a  comparison-star,  is  certainly  variable 
between  the  limits  6". 5  and  6*'. 8. 

The  uncertain  and  irregular  variation  of  this  star  has 
given  me  no  small  trouble  in  completing  the  necessary  re- 
ductions to  standard  values. 

The  detailed  observations  are  given  in  the  following 
table.  The  time  of  observation  is  Cape  mean  time,  cor- 
rected of  course  for  the  velocity  of  light.  If  Greenwich 
mean  time  is  required,  1.',  hours  will  have  to  be  subtracted 
from  the  given  dates. 

It  may  not  be  out  of  place  to  remark  here  that  in  secur- 
ing observations  I  have  always  considered  the  actual 
determination  of  the  minimum  phase  as  being  of  secondary 
importance  to  the  securing  of  observations  all  along  the 
light-curve. 
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Dk- 

Aii.Ki)  Ob.servatio.n-.s 

. 

Cape  M.T. 

Mag.      1 

Cape  M   r. 

Mag. 

Cape  M.T. 

Mag. 

Cape  J 

I.T. 

Mag. 

!«>;. 

ii 

III 

M 

IS* 

h 

III 

» 

1M15 

]i 

in 

M 

LsiCi 

h 

111 

>l 

Ai>rill9 

11 

34 

0.50 

:\ray   20 

10 

23 

G.93 

June  18 

S 

31 

6.70 

Sept.  1  1 

s 

1 

(•).C)0 

»>*> 

10 

19 

6.55 

10 

49 

().98 

9 

45 

6..S5 

<( 

1 

6. 60 

:.'(; 

9 

53 

7. Go 

1  1 

<) 

7.03 

10 

29 

6.90 

9 

32 

i;.(;o 

10 

39 

7.48 

1  1 

2'.l 

7.05 

20 

i 

49 

6.60 

9 

52 

(■..GO 

11 

25 

7.40 

11 

45 

7.10 

25 

I 

26 

6.60 

10 

s 

>>.» 

(;.5o 

11 

51 

7.13 

12 

25 

7.22 

27 

9 

45 

6.65 

Ot-t.    10 

7 

28 

G.60 

12 

35 

7.10 

13 

•> 

.  7.41 

July  15 

7 

23 

6.75 

7 

46 

G.GO 

12 

55 

7.00 

13 

15 

7.50 

16 

6 

51 

6.90 

8 

23 

6.50 

■  >"■ 
-  1 

>) 

20 

G.55 

13 

32 

7.50 

1 

•  >•> 

(i.SO 

8 

46 

6.55 

111 

55 

G.eo 

13 

47 

7.45 

1 

4.-! 

6.S5 

9 

18 

6.52 

L".l 

9 

35 

6.70 

14 

17 

7.45 

7 

5G 

6.80 

9 

38 

6.(50 

30 

11 

30 

6.50 

14 

37 

7.28 

8 

21 

().80 

10 

s 

(;.(;o 

11 

35 

6.50 

16 

45 

6.85 

8 

41 

6.78 

10 

.'>( 

(i.OO 

May     1 

8 

•v> 

7.25 

21 

t 

10 

6.65 

s 

58 

6.81 

11 

IS 

G.65 

9 

5 

6.90 

8 

19 

6.60 

K 

16 

6.82 

11 

(■> 

'"l '  1 

6.9S 

10 

5 

6.75 

8 

47 

(i.GO 

21 

1 

0 

6.55 

1 

s 

G.'.IO 

12 

o  — 

G.55 

9 

31 

6.(50 

22 

S 

4 

7.43 

7 

IS 

6.90 

'> 

<» 

5o 

6.82 

9 

47 

6.55 

s 

17 

7.43 

7 

25 

6.82 

1(1 

25 

6.85 

23 

7 

17 

G.G5 

8 

28 

7.50 

1 

Iji) 

(!.90 

11 

0 

6.82 

y 

47 

G.GO 

8 

50 

7.60 

1 

48 

6. 86 

12 

''»5 

6.75 

26 

7 

G 

G.GO 

8 

55 

7.62 

8 

3 

6.83 

11 

50 

6.55 

s 

2S 

6.60 

9 

13 

7.60 

8 

22 

6.87 

3 

9 

5 

6.62 

10 

12 

6.55 

9 

29 

7.45 

8 

38 

6.83 

9 

35 

6.68 

10 

29 

6.60 

9 

33 

7.53 

8 

53 

6.82 

10 

lo 

6.65 

10 

43 

6.(50 

9 

43 

7.48 

9 

3 

6.74 

10 

15 

6.65 

27 

i 

50 

6.(50 

10 

17 

7.29 

< 

9 

18 

G.73 

10 

40 

6.70 

<) 

4 

(;.()() 

11 

1  1 

7.15 

9 

43 

6.70 

6 

9 

0 

6.70 

9 

50 

G.(>5 

25 

i 

47 

G.G5 

10 

24 

GA\r> 

14 

8 

52 

6.60 

28 

7 

36 

6.60 

An-.     9 

^ 

36 

6.68 

1(1 

43 

6.55 

15 

1 

07 

6.60 

8 

38 

6.60 

14 

i> 

35 

6.70 

11 

3 

6.65 

9 

37 

6.75 

9 

10 

6.60 

^ 

35 

6.90 

12 

t 

52 

6.65 

11 

12 

6.65 

11 

0 

6.60 

8 

10 

6.90 

8 

13 

(>.80 

IG 

8 

o 

6.70 

29 

7 

3 

G.GO 

8 

40 

6.80 

8 

48 

6.75 

9 

37 

6.65 

8 

3 

G.GO 

9 

15 

6.65 

10 

8 

♦6.70 

10 

57 

6.65 

9 

58 

6.  GO 

9 

35 

6.60 

17 

() 

52 

7.35 

11 

50 

6.65 

30 

8 

48 

6.92 

15 

7 

5 

6.65 

1 

S 

7.42 

17 

1 

42 

6.65 

9 

28 

6.82 

8 

0 

6.80 

t 

17 

7.45 

,s 

7 

6  60 

31 

7 

36 

6.78 

8 

28 

6.G5 

1 

.'i'.i 

7.4S 

8 

37 

6.60 

7 

40 

6.70 

9 

35 

6.85 

• 

7 

44 

7.4  S 

9 

1 

6.60 

8 

17 

G.90 

10 

15 

7.05 

7 

50 

7.55 

IS 

1 

IS 

7.00 

8 

32 

6.92 

10 

53 

7.15 

8 

9 

7.56 

7 

44 

6.95 

8 

47 

6.85 

11 

16 

7.35 

8 

20 

7.55 

8 

31 

6.70 

9 

7 

6.85 

11 

36 

7.40 

8 

2S 

7  55 

8 

54 

6.67 

0 

47 

6.90 

11 

4S 

7.42 

8 

41 

7.54 

9 

14 

6.70 

10 

•> 

G.85 

11 

.")3 

7.48 

8 

58 

7.50 

9 

51 

6.65 

10 

27 

6.85 

12 

12 

7.48 

9 

24 

7.40 

10 

4(5 

6.G5 

10 

56 

6.90 

12 

33 

7.58 

9 

40 

7.30 

19 

1 

23 

6.83 

11 

56 

G.80 

12 

48 

7.55 

10 

■_' 

7.15 

1 

47 

6.80 

12 

45 

6.83 

13 

3 

7.60 

10 

17 

7.15 

8 

31 

6.90 

13 

25 

6.83 

13 

17 

7.58 

10 

•'")  - 

7.15 

8 

51 

6.95 

13 

35 

6.71 

13 

32 

7.55 

23 

7 

41 

6.83 

9 

15 

6.88 

June  10 

8 

38 

G.GO 

13 

48 

7.50 

7 

51 

6.88 

10 

1(5 

6.75 

11 

6 

3 

7.51 

14 

Q 

7.50 

8 

6 

6.88 

10 

42 

6.70 

6 

43 

7.50 

20 

6 

45 

7.05 

8 

21 

6.90 

11 

22 

G.65 

7 

3 

7.53 

7 

10 

7.27 

8 

31 

6.92 

la 

1 

6.55 

7 

48 

7.49 

i 

45 

7.48 

8 

56 

6.90 

20 

7 

32 

6.70 

7 

53 

7.45 

8 

5 

•    7.48 

9 

4 

6.83 

8 

3 

6.70 

S 

24 

7.35 

8 

20 

7.52 

9 

26 

6.83 

8 

43 

6.68 

s 

28 

7.38 

8 

35 

7.46 

9 

41 

6.80 

9 

29 

6.70 

13 

7 

19 

6.50 

8 

50 

7.53 

10 

11 

6.75 

9 

52 

6.80 

15 

7 

26 

6.60 

Sept.  13 

1 

42 

6.60 

23 

10 

26 

6.80 

10 

17 

6.85 

17 

8 

38 

6.90 

8 

12 

6.85 

•  Low  down  and  dimcult  to  obst'i-vt*. 
N'iclit  linzv. 
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These  observations  yield  a  mean  period  of  2*'  9''  58'". 8. 
Witli  this  period  all  the  observations  were  reduced  to  the 
light-variation  of  May  20-22.  In  this  way  a  well  defined 
light-curve  was  obtained.  The  chief  elements  of  the  curve 
are  as  follows : 


Tcital  i)eriod 

Duration  of  constant  period 
Duration  of  cliief  niiniuium  jiliase 
Duration  of  secondary  niiniuiuni  phase 
Magnitude  at  constant  period 
Magnitude  at  chief  minimum 
Magnitude  at  secondary  minimum 


21    9"  58"'.8 
37"    9'" 
12"  50'" 
8"    0"" 
G'".60 
7  ".59 
6".89 


Epoch  of  chief  min.  phase         1895  May  20  12"   5'"G.M.T. 
Epoch  of  secondary  min.  phase  May  21  1(3"  50'" 

In  determining  tlie  orbital  movement  of  JiS  Sii//!/f<ir!! 
from  its  light-curve,  we  are  met,  at  the  very  outset  of  (uir 
inquiry,  with  the  important  cpiestion  of  the  true  value  of 
the  "light-ratio." 

It  is  to  be  lioped  that  a  new  determination  of  this  impor- 
tant constant  will  be  undertaken  by  tliose  who  have  the  neces- 
sary aids  and  experience.  Indeed,  siu'h  a  deterniiiuition  is 
imperative,  if  investigations  dealing  with  orbital  motion  as 
deduced  from  light-variation  are  to  be  of  real  scientific 
interest. 

It  may  be  urged  that  the  accepted  value,  2.512,  is  accu- 
rate enough  for  all  purposes  connected  with  stellar  vari- 
ation. Tliis  I  doubt,  and  mainly  because  my  own  investi- 
gations would  seem  to  indicate  that  the  "light-ratio  "  is  not 
a  constant  quantity,  but  varies  witli  tlie  magnitudes  under 
consideration.  Thus,  two  third-magnitude  stars  will,  when 
combined,  yield  the  light  of  a  second-magnitude  star,  but 
it  takes  more  than  three  ninth-magnitude  stars  to  equal  an 
eighth. 

The  investigations  to  which  I  refer  were  carried  out  in 
the  month  of  October,  my  instrumental  accessories  being 
simply  a  sextant  on  an  altazimuth  stand.  The  magnitudes 
of  certain  stars  seen  directly  through  the  horizon-glass  were 
estimated,  then  one  or  more  stars  were  brought  into  the 
field  by  means  of  the  under  mirror,  and  tlieir  magnitudes 
estimated.  A  slow  movement  of  the  sextant  enabled  me  to 
srrperimjjose  any  two  stars ;  and  the  increase  in  brightness 
was  determined  by  comparison  with  the  other  stars  in  the 
field. 

The  resulting  expression  for  the  liglit-ratio  from  this  in- 
vestigation was 

L   =   2.60  + 0.20  (.IZ-G'-.O) 

A  fuller  investigation  of  the  matter  has  always  been  a 
present  desire  with  me,  but  hitherto  I  have  only  been  able 
to  deal  with  it  partially ;  notwithstanding  the  meagreuess 
of  the  data  on  which  the  ^jreceding  value  of  L  is  based,  I 
am  convinced  that  it  is  not  far  from  the  truth. 

Returning  now  to  the  investigation  of  the  light-changes 
oi  US  Saijitt/irii  we  notice,  first,  that  the  duration  of  the 


chief  minimum  pjiase  is  one  and  ahalf  times  longerthan  the 
duration  of  secondary  minimum  ;  the  orbit  is  accordingly 
eccentric.  Second,  the  combined  light  of  both  stars  during 
the  constant  period  is  6". 60;  at  chief  minimum  the  light 
of  the  system  is  only  7". 59,  that  is,  more  than  two  and  a 
half  times  less  than  at  the  constant  period.  The  two  com- 
ponents that  make  up  ES  Sagittarii,  are,  consequently,  of 
unequal  briglitness. 

Calling  the  brighter  or  primary  star,  A,  and  the  fainter, 
B,  the  question  immediately  meets  us  as  to  whether  at  chief 
minimum  it  is  A  that  eclipses  B,  or  B  that  eclij)ses  A. 
Naturally  we  might  expect  that  at  chief  minimum  it  would 
be  the  fainter  star  that  eclipses  the  brighter,  and  at  sec- 
ondarj'  minimum  tlie  fainter  star  that  is  occulted  by  the 
primary. 

The  question,  however,  admits  of  rigorous  solution.     Let 

L^  =   light  of  primary  star  {A). 
Lb  =   light  of  secondary  star  (/>). 
wi^  =   amount  of   light  of   star  (J)   not  obscured    when 

(B)  eclipses  it. 
uLg  =   amount  of  light  of  star  (/>')  not  obscured  when  (J) 
occults  it. 

Tlien  transforming  by  means  of  the  light-ratio  already 
given,  the  magnitudes  6". 60,  6". 89,  7". 59,  of  the  constant, 
secondary  minimum,  and  chief  minimum  phases,  into  light- 
values,  we  obtain  the  three  equations 

L,  +    L,  =   1.00  (1) 

Lj^  +  nL^  =     .74  (2) 

L^+mL^   =      .36  (3) 

In  these  equations  there  is  no  distinction  as  to  bright- 
ness, although  in  the  explanation  of  nomenclature,  A  was 
called  the  primary  star.  This  was  done  for  future  simijliti- 
cation ;  in  the  above  equations  no  such  assumption  is  made ; 
A  nuiy  be  either  of  the  two  stars.  Solving  the  equations, 
we  obtain 

36m -10 
'"   =  100m- 74  (^) 

Now,  n  and  m  must  be  zero  or  positive  proper  fractions. 
To  fulfil  these  conditions  w  must  lie  between  JJf  and  O; 
that  is  the  greatest  possible  value  of  B  is  0.36,  and  the 
least  possible  value  of  A  is  0.64.  That  is,  A  is  at  least 
nearly  twice  as  bright  as  B,  and  chief  minimum  accord- 
ingly takes  place  when  the  faint  companion  eclipses  the 
l^rimary  star. 

The  eccentricity  of  the  orbit  has  already,  in  a  general 
manner,  been  referred  to.  The  fact,  that  secondary  niiuimuni 
happens  almost  midway  between  two  chief  minima,  indi- 
cates that  the  line  of  apsides  lies  nearly  in  the  line  of  sight. 
We  next  proceed  to  deal  with  the  position  of  the  orbit  in 
space,  at  least  as  regards  its  periastron  and  apastron  points. 
The  most  natural  conclusion  to  come  to  would  be  that  at 
chief  minimum  the  star  is  passing  through  apastron ;  and 
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at  periastron,  secondary  minimum  takes  place.  But  with 
an  inclination  of  about  4°  or  o°  anil  with  a  large  eccen- 
tricity, it  might  be  possible  that  the  secondary  and  shorter 
minimum  took  place  at  apastron,  the  eclipse  being  at  that 
point  a  very  partial  one. 

It  is  easy  to  prove  that  such  conditions  of  eclipse  could 
not  take  place. 

Referring  to  equation  (4),  we  notice  tliut  n  (^that  is  the 
amount  of  the  disc  of  B  not  obscured  during  its  transit 
behind  A)  must,  in  the  case  where  secondary  niiniinmu 
takes  place  at  apastron  passage,  be  greater  than  l,  a  limi- 
tation which  makes  m  either  negative  or  integral. 

We  have  thus  been  able,  rigorously,  to  determine  the 
general  facts  concerning  the  orbital  movement  of  RS  Sugit- 
tiirii. 

as  Sagittarii  is  a  close  binary,  one  star  being  nearly  twice 
as  l)right  as  the  other.  The  orbit  is  eccentric,  the  line  of 
apsides  nearly  coinciding  with  the  line  of  sight.  Apastron 
passage  lies  almost  directly  between  the  principal  star  and 
the  earth,  and  chief  minimum  takes  place  when  the  faint 
companion  eclipses  the  priniarj',  that  is  when  it  is  in  apas- 
tron. 

These  are  general  statements ;  fortunately  it  is  possible 
from  the  data  at  our  disposal  to  make  them  more  definite. 

We  once  more  make  use  of  the  important  equation  (4). 

As  the  duration  of  chief  eclipse  is  12''  50'",  and  of 
secondary  eclipse  8'',  we  can  obtain  by  a  graphical  solution 
the  eccentricity  of  the  orbit  that  would  yield  these  times 
of  passing  through  apastron  and  periastron. 

The  eccentricity  determined  in  this  approximate  way 
was  e  =  0.24 

At  apastron,  accordingly,  B  will  be  nearly  twice  the  dis- 
tance from  A  that  it  is  at  periastron.  Assuming  the  correct- 
ness of  the  light-ratio  we  have  adopted,  it  is  evident  that 
the  eclipse  of  A\>j  B  is  not  a  total  one,  since  the  definite 
values  of  equations  (2)  and  (3)  do  not  equal  that  of  (1). 
And,  as  the  distance  of  the  two  stars  at  ajjastron  is  nearly 
twice  the  distance  at  periastron,  whatever  may  be  the  in- 
clination of  the  system, 
(5)  m  >  J  n 

The  highest  value  of  n  which  satisfies  this  condition 
(equation  4)  is  n   =  ^i^ , 

in  which  case     in   =    i      ,     when     n  =  o     ,     m  =    1  . 

The  "annular  eclipse"  of  A  by  B,  which  would  occur  if 
the  eclipse  were  a  central  one,  would  be  evident  as  a  period 
of  constant  magnitude,  at  chief  minimum,  of  nearly  one 
hour's  duration,  a  phase  which  I  am  convinced  does  not 
occur.  There  may  however  be  a  short  constant  period  of 
about  ten  or  twentj"  minutes.  As  already  stated,  the  prin- 
cipal object  of  my  observations  was  to  secure  mea.sures  all 
along  the  light-curve.  I  considered  this  of  more  immediate 
importance  than  the  more  rigorous  determination  of  the 


exact  moment  of  minimum  passage.  When  ES  Sagittarii 
comes  into  view  again, at  the  beginning  of  the  year,  I  intend 
directing  my  attention  esiiecially  to  the  question  of  the 
existence  of  a  constant  period  at  chief  minimum.  Such  a 
determination,  when  considered  in  relation  to  a  well  deter- 
mined liglit-ratic),  would  yield  a  definite  value  of  the  incli- 
nation of  the  line  joining  the  centers  of  tlie  two  stars  to 
the  line  of  sight. 

We  may,  however,  from  the  extreme  values  of  m  and  //, 
given  above,  determine  between  wliat  limits  this  incHnation 
must  be. 

To  do  so,  we  first  determine  the  values  of 

fZ_,  and  dg  being  the  diameters  of  A  and  B  respectively. 

Considering  the  line  of  apsides  to  lie  in  the  line  of  sight, 
we  note  that  the  two  discs  are  apparently  in  contact;  that 
i.s, -secondary  minimum  begins  4  hours  before  periastron 
passage.  The  mean  anomaly  of  this  point  is  24°.9.  Adopt- 
ing the  approximate  value,  c  =  0.24,  the  true  anomaly 
and  radius  vector  of  the  point  become 

V   =   40°.5     ,     r  =     0°.798 
but  h((^A'^(h)   =   i-smr   =   0.518  (6) 

Again  we  note  that  the  chief  minimum  commences  6'"25'° 
before  apastron  passage.  The  mean  anomaly  of  this  point 
is  140°.2,  wherefore 

V  =   154°.4     ,     )•  =   1°.202 

and  hiff.i  +  'h)   =  0-519  (7) 

The  close  agreement  between  the  values  (6)  and  (7)  indi- 
cates that  the  value  of  the  eccentricity  obtained  graphically 
is  extremely  correct. 

We  have  now  the  following  data  for  our  determination  of 
the  extreme  limits  of  the  inclination, 

WL  +  da)   =   0.52     ,      n    =   ,V 
e  =  0.24     ,     m  =  i 

A  simple  geometrical  solution  yields  the  values 
l-d^  =   ^dg  =  0.26     ,     i  =   1°.5 

This  is  the  greatest  possible  inclination.  With  central 
eclipse  these  values  become 

^d^  =  0.27     ,     irffl  =  0.25     ,     ;  =  0°. 

Practically,  therefore,  the  two  stars  that  make  up  BS Sagit- 
tarii are  equal  in  size. 

Up  to  this  point  we  have  assiuned  that  the  apsidal  line, 
and  the  central  line, — using  this  term  to  designate  the  line 
joining  the  centei-s  of  the  two  stars  when  at  central  mini- 
mum phase, —coincide.  This  assumption  will  have  no  real 
influence  on  any  of  the  results  already  deduced  from  the 
elements  of  variation,  ina.smuch  as  the  two  Hues  practically 
coincide.  They  would  absolutely  coincide  if  the  secondary 
minimum  took  place  exactly  midway  between  two  chief 
minima.  The  secondary  minimum  is,  however,  30'"  nearer 
the  preceding  than  the  following  chief  minimum. 
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This  displacement  indicates  that  the  apsidal  line  is  dis- 
tant 1°.G  from  the  central  lino;  and  fnrther  that  the 
fainter  star  B,  passes  tliroHL;h  ])eriastrun  a,  fuw  minntes  hi-- 
foi-e  reaching  secondary  minimum. 

With  this  value  of  the  angvdar  distance  between  the 
ai)sidal  line  and  the  central  line,  a  rigorous  value  of  the 
eccentricity  may  be  computed. 

The  final  value  of  the  eccentricity,  taking  into  account 
this  disiilaeenient,  was 

6   =   0.245 
a  value  so  accordant  with  that  adopted  in  the  preceding 
jiart  of  this  investigation,  that  it  is  unnecessary  to  repeat 
any  of  the  computations. 

Collecting  all  the  results  obtained  :  — 

«)  /iS  Sa;/!t/an'l  is  composed  of  two  stars  almost  exactly 
equal  in  size,  but  one  of  which  is  at  least  twice 
brighter  tlian  the  other.  If  there  be  any  difference 
in  the  size  of  the  stars,  then  A  is  very  slightly 
greater  than  B. 

'i)  The  orbit  is  eccentric,  the  amount  of  eccentricity  be- 
ing 0,246.  The  apsidal  line  is  inclined  1°.6  to  the 
central  line.  I'eriastron  lies  on  the  side  remote 
December  1S9.5. 


from  the  earth,  and  the  fainter  star,  B,  passes  through 
periastron  !)'"  before  it  reaches  the  middle  of  the 
secondary  minimum. 

(■)  The  inclination  of  the  central  lino  to  tlie  line  of  siglit 
may  range  from  zero  to  1°.5. 

d)  Taking  tlie  semi-axis  major  as  eipuil  to  unity,  the 
diameter  of  either  A  or  B  is  equal  to  0.52  ;  accord- 
ingly, at  ])oriastron,  the  two  stars  come  within  0.24 
units  of  one  another. 

These  results  are  based  on  well  determined  data,  and  will 
only,  prol)al)ly,  lie  slightly  modified  by  future  observation 
and  research.  One  is  tempted  to  move  beyond  the  limits 
of  definite  determination  and  speculate  on  the  actual  dimen- 
sions of  this  interesting  system.  It  were  better,  however, 
to  leave  such  speculation  until  the  time  when  spectrosoiiic 
investigation  will  yield  the  necessary  information  for  an  ab- 
solute determination  of  tlie  dimensions  of  the  system.  In 
expressing  this  hope,  I  am  well  aware  of  the  difficulties  in 
the  way  of  estimating  the  velocity  in  the  line  of  sight  of 
stars  fainter  than  i?'.  It  may  be,  however,  that  the  purer 
air  of  the  Cape  peninsula  will  render  such  a  determination 
possible. 


PHOTOGRAPHIC  REFRACTIONS*.    (REi'Li'  to  I'ROF.  jacoby'S  note,  a.j.  3CG,) 

DYSON. 

These  are  the  formulas  quoted  by  me  in  A.J.  354  from 
3LN.  1S93  November. 


By  F.  W 

In  A.J.  350,  Prof.  Jacoby  obtained  expressions  for  the 
refraction  on  photographic  jilates  whieli  differed  from  those 
previously  given  by  Prof.  Tukneb  in  the  Monthly  Notices 
of  the  Royal  Astronomical  Society  for  1893  November. 
These  formulas  Prof.  Jacoby  considered  to  be  erroneous, 
but  I  pointed  out  in  A.J.  354  that  the  difference  arose  from 
the  fact  that  Prof.  Jacoby's  formulas  were  corrections  to 
the  Riglit-Ascension  mid  DecUnatinn,  and  Prof.  Tubnek's 
to  the  measured  rectangular  coordinates  on  the  plate. 

Replying  to  my  note  in  A.J.  366,  Prof.  Jacoby  considers 
a  numerical  example,  and  obtains  correct  results  with  his 
own  expressions  and  wrong  ones  with  Prof.  Turnek's.  It 
seems  to  me  that  the  first  result  is  obtained  by  using  the 
same  symbols  with  different  meanings  in  the  course  of  the 
work,  and  the  second  through  a  misunderstanding  and 
wrong  application  of  Prof.  Turner's  formulas. 

Taking  Prof.  Jacoby's  example :  if  ^,  t;  are  the  coordi- 
nates of  a  star  uncorrected  for  refraction  on  a  plate  whose 
center  is  at  R.A.  0°  0'  0"  and  N.P.D.  30°  0'  0",  then  i  +  Ji, 
Tj  +  Jr]  are  the  coordinates  of  the  star  corrected  for  re- 
fraction oil  a  plate  whose  center  is  also  at  R.A.  0°  0'  0" 
and   N.P.D.  30°  0'  0" 

(I)         when         li   =    —/,■'{.(■  — tXl +•»■■)  — V^V/I 
and  Jr,  =    -kj{>/-^x!/-r,(l+i/r; 


Taking   ^   =   fiO'.OOO     ,,   =   GO'.OOO,    we  obtain  from  (I) 

i  +    Ji  =  5;)'.50.S()     ,     ,;  +   Jjj  =   59'.59C2 

From  these  we  obtain  for  the  apparent  position  of  the 
star 

p  =   29°  0'  57".0()         ,c  =   2°  3'  41".24 

and  for  the  corrected  position 

p  =  29°  0'  5S".8(i         a  =  2°  2'  51".39 

These  agree  within  0".03  of  the  values  Prof.  Jacoby 
finds  for  them  directly  from  formulas  quoted  from  Chau- 
venet's  Astronomy,  and  verify  the  accuracy  of  the  formulas. 

Prof.  Jacoby'  took  Prof.  Turner's  formulas  to  mean 
that  $,  rj,  being  the  uncorrected  coordinates  on  a  plate  whose 
center  is  at    R.A.  0°  0'  0"  ,  N.P.D.  30°  O'O"  ,  then 


and 


V +  /.'{■'■.'/ ^+(i+y')'?} 


are  the  corrected  coordinates  on  a  plate  whose  center  is  at 
R.A.  359°  59'  9".32  ,  N.P.D.  30°  0'  3".65  (the  true  place 
corresponding  to  the  apparent  place  R.A.  0°  0'  0"  ,  N.P.D. 
30°  0'  0"). 


*I  am  indebted  to  Prof.  Turner  for  several  suggestions  in  tliis  note.     He  had  written  a  reply  to  Prof.  Jacobt's  article  in  A.J.  366,  but 
placed  it  at  my  disposal  when  he  heard  that  I  was  writing  one. 
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This  is  eutirelj'  different  from  what  the  formulas  state, 
namely  that 

$-  k'x  +  k'{{l+y')$+xi/r,} 
ami  r,  -  Ic'y  +  i-'{a-//f +(1  +y^,} 

are  the  corrected  coordinates  on  a  plate  whose  center  is  at 
R.A.  0°  0'  0"  ,  N.P.D.  30°  0'  0"  ami  which  1ms  been  veri- 
fied above. 

It  may  easily  be  shown  that  the  corrected  coordinates  on 
a  plate  whose  center  is  at  R.A.  359°  59'  9".32  ami  N.l'.D. 
30°  0'  3".65   are  given  by  the  expressions 

(II)  ^  +  k{{\+x^i+{xy-xcotP)r,} 
and     ,;  +  k{{x!/+x  cotP)  f  +  (1  +y'^  t)} 

which  differ  from  those  given  ))oth  by  Prof.  Tiknkk  ami 
Prof.  Jacoby. 

The  formulas  used  hy  Prof.  Jacohv 

(III)  i  +  k'\{l+x^  -  y  cotP|  ^+k'\xy-x  <iotF\  r, 
and     ,;  +  k'i\xy-hx  cotPj  +  k'  (1  +  /)  r, 

only  give  correct  results  by  using  P  to  mean  two  different 
quantities  in  the  same  j)iece  of  work.  In  deducing  a  —  A  and 
p  —  P  from  the  formulas  of  ti-ausformation  <j  =  P —  tan~' j; 


(l\) 


tan(«— ^)  =  ^cos  (P— j)  .  cosec^ 


tan /J  =  tany  .  sec(«  — .1) 

it  is  assumed  that  A  =  0°  0'  0"  and  P  =  30°  0'  0"  but 
when  li  anil  p  are  determined  from  the  deduced  values  of 
a  —  A  and  p  —  P,  it  is  assumed  that  A  =  359°  59'  9".32 
and   P  =  30°  0' 3".65. 

The  difference  between  the  results  obtained  from  the 
formulas  (IV)  according  as  P  is  taken  to  be  30°  0'  0"  or 
30°  0'  3".65  is  not,  as  stated  by  Prof.  jAcoiiY,  negligible ; 
in  this  example  it  is  certainly  small,  but  a  difference  of 
0".ll  expressed  in  arc  of  a  great  circle  is  produced  in 
the  residting  right-ascensions,  the  equivalent  of  the  term 


ky  cotP.f  in  Prof.  Jacoby's  formulas  (III)  and  is  the  dif- 
ference between  </ {(«  — yl).siii  P}  given  by  I'rof.  ,1  .u duv 
in  J../.  354  as  equal  to  (7^,  and  sin  i' .(/(«  —  . 4)  wliirh  he 
previously  gave  as  eipuil  to     d ^   in  A.J.  350. 

The  misunderstanding  has  in  i)art  arisen  from  the  use  of 
the  ambiguous  phrase  d  ijff  rv  iit  in  I  n'friift  idii  .  Prof.  Tuunkk 
uses  the  term  to  mean  the  difference  between  the  correction 
to  be  applied  to  a  star  whose  uncorrected  coordinates  are 
i,  7)  and  one  at  the  center  of  the  plate,  to  obtain  its  correct 
coordinates  on  a  ]>late  whose  center  is  — in  the  above  exam- 
ple-at  1!.A.  (i°0'0"  ,  N.lM).:iO°  O'O".  The  term  might  be 
used  to  mean  the  correction  to  be  applied  to  $,  rj  to  obtain 
the  corrected  coordinates  on  a  plate  whose  center  is  at 
R.A.  359°  59'  9".34  and  N.P.D.3()°  0'  3".«5.  It  mayfuitlier 
beused  in  the  sense  Prof.  Jacoby  uses  it,  of  corrections  to 
the  right-ascension  and  declination. 

There  is  one  jioint  with  regard  to  the  formulas  given  by 
Prof.  TirKNKK  wliich  deserves  notice.  Right-ascensions  and 
declinations  are  not  involved  e-xjilicitly.  As  refraction  has 
nothing  to  do  with  the  Karth's  rotation  but  depends  merely 
on  the  zenith-distance,  it  is  clear,  «  jiriori,  that  the  refrac- 
tions in  the  two  directions  on  a  photographic  plate  depend 
only  on  the  coordinates  of  the  star  and  the  coordinates  of 
the  zenith.  The  introduction  of  right-ascensions  and  de- 
clinations unnecessarily  complicates  the  (juestion.  Further, 
it  is  a  distinct  advantage  of  Prof.  Turner's  formulas  that 
they  give  the  corrected  coordinates  of  the  stars  on  plates 
whose  centers  are  at  the  exact  places  rcfpiired,  e.r/.  in  this 
instance  at  R.A.  0°  0'  0"  ,  N.P.D.  30°  0'  0".  As  to  the 
accuracj-  of  the  formulas,  there  was  hardly  need  for  numeri- 
cal verification;  the  method  by  which  they  are  obtained, 
given  in  M.N.  1893  Nov.,  is  so  simple  and  short,  that  there 
is  little  room  for  error,  and  the  working  may  be  readily 
verified. 


OBSERVATIONS  OF   COMET  ct  1896, 

MADK    AT   THE    U.S.    XAVAL    OBSEEVATOl'.Y    WCrU    TUE    12-lXcn    EOIATOKIAL, 

Bv  PiiOFESsoR  EDGAR  FlilSBY. 
[Communicated  by  Prof.  Wm.  Hap.kness,  U.S.X.,  Astronomical  Birector.] 
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h        111       8 

O          '                ff 

Feb.  27 

7  10  52.4 

1 

19  ,  4 

+  0  20.50 

+   4  33.9 

23     2     8.86 

+  46  26  16.8 

9.818 

0.666 

Mar.    3 

G  51  25.2 

2 

20,4 

-0  39.38 

-  5     6.9 

1     8  18.70 

+  51   45  48.8 

9.829 

0.144 

5 

7     8  46.8 

3 

20,4 

+  0  50.59 

+   7  17.6 

1   45     7.11 

+  51  32  48.8 

9.827 

0.067 

7 

7  57  44.3 

4 

18,4 

-0  10.36 

+   0  50.5 

2  14  21.49 

+  50  49  53.1 

9.851 

0.366 

9 

7  23  14.9 

5 

19,  4 

+  0     6.32 

+   0  12.5 

2  36  35.58 

+  49  57     1.0 

9.791 

9.956 

12 

7  14     5.5 

6 

20  ,  4 

-3  40.92 

-  3  58.4 

3     2     7.65 

+  48  33  23.5 

9.750 

9.798 

14 

7  28  52.0 

1 

20  ,4 

+  0  32.12 

+   6  18.9 

3  15  19.38 

+  47  40  11.8 

9.755 

9.958 

17 

7  20  30.6 

8 

9,2 

+  2  13.00 

+  13  15.2 

3  31     1.56 

+  46  27  43.7 

9.729 

9.923 

20 

8     2  18.5 

9 

17,4 

-0     1.02 

+  6  45.9 

3  43  27.49 

+  45  24  15.6 

9.771 

0.242 

21 

7  42  46.2 

10 

15  ,  3 

+  2  37.51 

-  3  17.4 

3  46  58.45 

+45     5  16.6 

9.749 

0.153 
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Mean  Places  for  189G.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Aiitliority 

ll       m       s 

8 

O         '            II           . 

.11 

1 

23     1  49.86 

-1.50 

+  46  21  41.9 

+  1.0 

Deichniiiller,  Bonn  A.G.  Catal.  17441 

2 

1     S  59.21 

-1.13 

+  51  50  43.0 

+  12.7 

Rogers,  CanibritlKe  A.G.  Catal.  566 

3 

1  44  17.37 

-0.85 

+  51  25  16.4 

+  14.8 

"       Cambrids^c     "          "      846 

4 

2  14  32.40 

-0.55 

+  50  48  47.0 

+  15.6 

"        Cambriil!j;G     "          "      1096 

5 

2  36  29.58 

-0.32 

+  49  56  31.6 

+  16.9 

Dcicluiiiillcr,  r.onn  A.G. Catal.  2312 

6 

3     5  4S.61 

-0.04 

+48  37     4.4 

+  17.5 

"             r.oim     ■•          "      2683 

7 

3  14  47.24 

+  0.02 

+  47  33  35.7 

+  17.2 

'•'            Bonn     "         "      2799 

8 

3  28  48.45 

+0.11 

+  46  14  11.7 

+  16.8 

'••            Bonn     "         "      3025 

9 

3  43  28.27 

+  0.24 

+  45  17  13.5 

+  16.2 

"             P.onn     "          "      3203 

10 

3  44  20.72 

+  0.22 

+  45     8  17.6 

+  16.4 

"            Bonn     "         "      3213 

XoTE.  — All  observations  since  189.3  have  been  made  at  tlie  new  Naval  Observatorj'.     Longitude  5'"  8'"  15".71  and  Latitude  38"  55'  14". 7. 


OBSERVATIONS   OF   COMET  b  1896  {swift), 

M.^^DE    AT   THE    I.ICK   OBSERVATORY,    WITH    THE    12-INCII    KQUATOUI.VI,, 

By  WILLIAM   J.  HUSSEY. 


1S9G  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

z/a 

-* 

z/S 

#^'s  apparent 
a             \              S 

log  7)A 
for  a           forS 

ll          III         s 

April  16    -8  26  28 

17     7  59  41 

7  59  41 

1 

*> 

3 

8  ,  6 
8  ,  6 
8,3 

111          S 

-1  43.13 
+  1     8.28 
-1  42.10 

+  4  56.3 
-1  13.5 
+  0  27.2 

ll           III         S 

3  38  20.64 
3  37  46.09 
3  37  46.06 

+  18  19  32.1 
+  20  55  49.3 
+  20  55  52.1 

9.088 
9.699 
9.699 

0.728 
0.710 
0.710 

Mean  Places  for  1896.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 
o 

3 

h           m         B 

3     40       3.59 
3     36     37.65 
3     39     27.99 

+o!i8 

+  0.16 
+  0.17 

+  18    14    28.3 
+  20    56    54.9 
+  20    55    17.0 

// 
+  7.5 
+  7.9 
+  7.9 

Weisse's  Bessel  III,  849 
Becker,  Berlin  A.G.  Catal.  1103 
r.ecker,  Berlin  A.G.  Catal.  1139 

Mt.  Hamilton,  Cal.,  1896  April  18. 


OBSERVATIONS   OF   COMETS  cl  AND  b  1896, 

MADE    AT   THE    VASSAR   COLLEGE    OB.^ERV.VTORY, 

By  Peof.  MARY  W.  WHITNEV  axd  CAROLINE  E.  FURNESS. 


1896  Greenwich  M.T. 

* 

No. 
Comp. 

-* 

/IS 

#^'s  apparent 

1          8 

log  7)  A 
for  a       1     for  S 

Obs. 

Comet  a  1896. 

Mar.  14 

h        lu       s 

13  59  58 

1 

9 

m       8 

+  0  52.56 

+   4  40^6 

ll        in       s 

3  15  39.81 

+  47  38  33.5 

9.810 

0.475 

F 

17 

15  57     7 

o 

7 

+  2  51.93 

+  10  12.5 

3  31  40.49 

+  46  24  38.9 

9.783 

0.746 

W 

20 

15  52     7 

3 

12 

+  0  24.00 

+   4  36.3 

3  43  52.49 

+  45  22     9.3 

9.778 

0.742 

F 

31 

14  11  33 

4 

10 

+  0     3.61 

-   9     2.1 

4  13  34.67 

+  42  36  34.4 

9.776 

0.598 

W 

Apr.     2 

13  10  56 

5 

12 

-0     6.65 

+  5  57.5 

4  17  31.51 

+  42  14     5.7 

9.752 

0.464 

W 

Comet  b  1896. 

Apr.  22 

13  16  39 

6 

10 

+  0  ll..-i6 

+   3  24.6  1    3  30  22.93  |    +34     3  47.7  | 

9.713    1 

0.761  1 

F 

Mean  Places  for  1896.0  of  Comjjarison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

h        in       s 

8 

0             '             ff 

II 

1 

3  14  47.24 

+  0.01 

+  47  33  35.7 

+  17.2 

Deichmuller,  Bonn  A.G.  Catal.  2799 

2 

3  28  48.45 

+  0.11 

+  46  14     9.7 

+  10.7 

•'         '•      3025 

3 

3  43  28.27 

+  0.22 

+  45  17  16,5 

+  1(;.5 

"               "         «         "      3203 

4 

4  13  30.72 

+  0.34 

+  42  45  21.2 

+ 15.3 

"               "         "         "      3554 

5 

4  17  37.80 

+  0.36 

+  42     7  53.3 

+  14.9 

u               <.         u         «      3592 

6 

3  30  11.35 

+  0.02 

+  34     0  13.5 

+   9.6 

Bonn  VI,  +33°682 
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ELEMENTS  AXD   EPIIEMEKIS   OF   COMET  t  1896    (iiiiFr), 

Uv  A.  O.   LEUSCriXER  ami  F.   II.  .SKAKES. 


The  following  elements  of  Comet  /)  lS<)(i  (Swift)  were 
deduced  with  the  assistance  of  Mr.  F.  II.  Skakes,  from  ob- 
servations secured  at  Mount  Hamilton  hy  I'rofessor  AV.  J. 
HussET  on  April  l(j  and  17,  anil  by  Mr.  E.  G.  Aitkex  on 
April  19.  The  observations  were  kindly  telegraphed  to  the 
Students'  Observatory  by  Prof.  E.  S.  Holdex. 
T  =   April  17.G516  Greenw.  M.T. 

J2    =   178°  15  3 A 

u)  =       1   45     5  V  Mean  Equinox  1890.0 
/  =     55  35  2(5  \ 
,y   =  0.56633 
For  the  middle  place  (0  — C)  : 

Jk  cos  13  =    -1".2     ,     .7/3  =    +4".4 


C'ON.STANTS    FOR    THE    EqI"AT(iK. 

.r  =  [9.75293]r  sin(c  +  270  46  2)sec"''iy 
,j  =  [9.08095]  r  sin  (('  +  179  51  55)sec*ic 
;s   =   [9.47915])- sin  (<•+      3     3  13)  sec^\  c 


F-I-IIEMKHIS    EOK    GkEEXWK-II    iSIlDXKill'l 


ISOU 

A  pp.  a 

App.  S 

lo,^'  A 

Hi-. 

April  23 

!i       m       8 

3  28     1 

0            ' 

+  30  32.0 

9.7570 

1.00 

27 

3  14  29 

+  1C.    ;).'.» 

9.77.>S 

May    1 

2  55  35 

+  53  48.0 

9.8(105 

5 

2  32  14 

+  59  39.7 

9.8321 

0.50 

Universiti/  of  California,  Students'  Observatory,  189G  Aj^ril  '^1. 


ELEMENTS   AND  EPIIEMERIS  OF   COMET  b  1890, 

By  Rev.  GEO.  31.  SEARLE. 


I  have  computed  the  following  elements  and  epliemeris 
of  Uomet  b  1896  from  the  Lick  observations  of  April  10 
and  19,  with  one  made  by  myself  on  the  22d. 

r  =   April  17.0338  Greenw.  M.T. 

u)  =       1^40  47  ) 

Q,    =   178  16  53  ^MeanEquin.  1S9(;.0 
i  =     r)~>  33  30  ) 
logfj  =   9.753120 
Discordance  for  middle  place  (0-C),  JX=  -11" .  .  7/3=  +3" 
These  elements  give  the  following  coordinate  equations : 

X  =  [9.999807]  ;•  sin  ((-  +  270°  42  19) 
y  =   [9.928031]  r  sin  ((-  +  179  48  50) 

s:  =   [9.725075])- sin  (r+     2  57  58) 

and  the  following  epliemeris  for  Greenwich  midnight : 

1896  a  S  log  A  Br. 

ll  111  o 

April  30.5  3     0.8  +52     3  9.7928  0.71 

May      1.5  2  55.0  53  50 


3  0.8 
2  55.0 
2  50.2 


9.8078 


ISUO 

Jlav     3.5 

4.5 

5.5 

0.5 

7.5 

8.5 

9.5 

10.5 

11.5 

12.5 

J  3.5 

14.5 

15.5 

16.0 

17.5 

18.5 

19.5 

20.5 


2  44.5 

38.5 

32.3 

25.9 

19.3 

12.6 

2     5.8 

1  58.8 

51.7 

44.6 

37.4 

30.2 

23.0 

15.7 

8.5 

1     1.2 

0  53.9 

0  46.7 


+  56  57 

58  22 

59  40 
(JO  53 
(;l'  0 
(•..■!  1 
(53  57 
04  49 

65  37 

66  20 

06  59 

07  30 

68  10 

08  40 

09  8 

69  34 
(;9  58 

+  70  20 


log  A 

9.8237 
9.8400 
9.85(;i 
9..S720 
9.8875 
9.9023 
9.9105 
9.9300 
9.9427 


Br. 

o..-il 

0.40 
0.30 
0,23 
0.19 


The  unit  of  brightness  is  that  of  the  observation  of  Apr.  10. 


COMET  b  1896. 

A  comet. was  found  by  Prof.  Lewis   Swift,  on  April  13,  in  right-aseension  3'' 39'",  and  declinatimi    +15°  40'.  as 
read  from  the  circles.     Bright,  short  tail,  motion  slow,  westerly. 

NEW   ASTEROID. 

Prof.  Lamp  of   the  Kiel  Observatory  announces  the  detection   by  Prof.  Wolf  of   a  small   planet  upon  a  photo- 
graphic plate  of  April  2. 
CF     1896  April  2  11"  0'".6  Heidelberg  M.T.     a  =  12"  47"'.0,     S  =  +2°  49'.     Daily  motion,  -00'  in  a,  and  9'  northward. 


No.  36S,  p.  03,  col.  1,  line  20,    for    Jan.  23    put     .Jan.  3 


COERIGENDA. 
col.  2,  line  6,    for    7»'.2    put    9m. 2. 

CONTENTS.  '^' 
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New  Asteroid. 
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01^   THE   VARIABLE 

By  N.  C. 
Ill  Vol.  XVI,  no.  G  (366)  of  the  Axtnmoiiiirul  Journal ,  ilr. 
Ykndell  has  published  a  very  iniportaiit  series  of  observa- 
tions of  the  star  Z llerrulis  of  the  Al<jol-i-^\)e.  Mr.  Yendell 
lias  also  made  some  observations  on  the  length  of  the  period ; 
but  as  he  has,  in  these,  paid  no  regard  to  the  article  which 
I  published  April  1895  in  the  Aatroplujslral  Jouvnul,  "On 
the  Periodic  Changes  of  the  Variable  Star  Z  Her  culls, "  I 
have  deemed  it  desirable  to  make  a  comparison  of  Mr. 
Yendell's  observations  with  the  ephemeris  published  there 
by  me,  p.  289.     The  results  are  the  following : 


I    Even  Minima 

II    Uneven  Minima 

Greenwich  M.T.       Obs.-Comp 

Greenwich  M.T.    Obs 

.-Com  p. 

ti       111                  in 

ll           Ilk 

tu 

1895  July  30  17  52       +22 

1895  Apr.  23  19  36 

r-851 

Sept.    4  16  15       +28 

Jiuiel4  18  45 

+  15 

8  15  31       -   4 

July  28  15  51 

-34 

20  14  53       -   8 

Aug.    5  16  18 

+  17 

•      24  14  30       -20 

25  14  56 

7 

Sept.   2  14  10 

'>o 

10  13  52 

-25 

22  13  47 

+   5 

Consequently,  in  the  mean  of  these,  the  total  of  the 
observations  will  be  represented  as  follows  by  the  elements 
computed  by  me,  if  we  exclude  the  evidently  erroneous  one 
of  April  23. 

m 

Even  minima         (O  — C)   =    +2 
Uneven  minima  =    —7 

The  accordance  is  therefore  yet  to  be  regarded  as  a 
complete  one,  and  it  would  be  needless  to  make  a  new  com- 
putation until  new  observations  are  at  hand.  In  the  above 
comparison,  as  well  as  in  the  original  computation,  I  have 
disregarded  the  reduction  to  the  sun. 

The  observations  of  Mr.  Yendell  afford  an  admirable 
confirmation  of  the  general  accuracy  of  the  theory  given  by 
me,  and  this  is  so  much  the  more  valuable  since  the  very 
circumstance,  that  Mr.  Yeij dell  evidently  used  in  his  obser- 
vations not  my  ephemeris  but  Prof.  Hartwig's,  proves 
that  his  observations  were  in  no  wise  influenced  by  my 
computations. 

In  one  respect  onlj-  do  the  observations  of  iNIr.  Yendell 


STAR   Z  IIERCULI8, 

DUNER. 

appear  to  be  in  conflict  with   my  theory.      According    to 
Mr.  Yendell  the  magnitudes  of  the  star  were. 

At  the  princii)al  minimum  7". 94 

"     "    secondary  minimum  7". 75 

But  these  values  are  contradicted:  — 

I.  By  the  observations  based  upon  the  determinations 
of  magnitude  by  Mr.  Lindemann  at  Pulkowa,  made  by  me 
and  my  assistant  at  this  oliservatory,  Mr.  Osten  Berg- 
STRANi),  which  have  given 

M 

Magnitude  at  maximum  6. 89  Lindemann 

"  '■  principal  minim.     8.(15  '' 

"  "  secondary       "         7.35  Duiier  and  Bergstr. 

II.  liy  the  observations  of  Hartwig  in  1894.  For  if 
at  the  beginning  of  Hartwig's  observations  of  the  second- 
ary minima  the  star  had  not  been  brighter  than  7". 75,  it 
would  have  been  impossible  for  him  to  assume  the  un- 
even minima  at  a  time  of  day  so  much  earlier  than  that  of 
the  even  minima  as  he  made  this  actually  to  be.  But  if, 
on  the  other  hand,  we  assume  that  my  value  for  the  bright- 
ness of  the  star  at  the  secondary  minimum  is  the  correct 
one,  then  Hartwig,  who  did  not  know  that  the  minima 
are  of  different  brightness,  must  have  unquestionably  as- 
sumed that  the  uneven  minima  occurred  at  a  time  of  day 
about  four  hours  earlier  than  the  eV^en  ones. 

III.  By  the  statements  of  Mr.  Yendell  himself.  For 
he  says  "The  odd  or  secondary  minima  were  found  difficult 
of  observation  from  the  small  range  of  the  variation  and 
the  indefiniteness."  This  must  be  a  perfectly  accurate 
description  of  the  phenomenon,  provided  the  whole  anqili- 
tude  amoimted  only  to  from  6''.89  to  7''.35.  But  if  this 
were  from  6". 89  to  7". 75,  the  minima  must  on  the  other 
hand  have  been  sharp  and  easy  of  observation ;  in  fact, 
easier  than  those  of  YCygni,  U  Oylduchi,  etc.  I  must, 
therefore,  maintain  the  correctness  of  my  theory  in  this 
regard  also. 

Finally,  in  order  to  see  when  and  where  the  star  may  be 
observed  with  advantage,  I  have  comp)uted  the  following 
ephemeris. 

(105) 
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Even  Minima 

Uneven  Minima 

Epoch 

Epoch 

ii     111 

ll     u 

300 

189G  JFav     9     3  52 

301 

1890  Jlay    1 1     2  33 

3o0 

Aug.  16  23     4 

351 

Aug.  18  21  45 

400 

Nov.  24  18  16 

401 

Nov    26  16  57 

450 

1897  Mar.  20  13  28 

4.-.1 

1897  Mar.  22  ,12     9 

■.00 

June    6     8  40 

501 

•luiie    8     7  21 

r.iiO 

Sept.  14     3  52 

551 

Sept.  K;     2  33 

000 

Dec.    22  23     4 

C.Ol 

Dec.    24  21  45 

050 

1898  April    1  IS  10 

051 

1898  April    3  16  57 

700 

July   10  13  28 

701 

July  12  12     9 

750 

Oit.    IS     8  40 

751 

Oct.    20     7  21 

800 

1899  Jan.    26     3  59 

801 

1899  Jan.    28     2  33 

The  conditions  are  not  favorable.  In  1896  tlie  star  can 
onlj-  be  observed  in  Australia  and  Asia,  in  1897  only  in  the 
most  eastern  part  of  Eiiroi)e  and  in  west  Asia,  in  ISDS  in 
eastern  America,  and  the  uneven  minima  in  part  also  in 
western  Europe.  Not  until  1902  will  this  star  probably  be 
observable  under  favorable  conditions  in  middle  Europe. 
It  is  therefore  to  be  feared  that  this  higlily  interesting  star 
may  be  sadly  neglected. 

L'pMila,  18'J0  March  4. 


XOTES  ON  VARIABLE   STAKS, 

Bv  JOHN  M.  THOME. 


27305 
27306 
27312 


8 
91 


I  have  been  interested  by  the  statements  in  Nos.  362  and 
363  of  this  Journal  concerning  the  new  variable  stars,  and 
ofifer  the  following  additional  testimony. 

4885.  Z  Centaur!. 
With  regard  to  the  object  found  on  the  Arequipa  photo- 
graphs (A.J.3ii'2)  which  Prof.  Pickering  announced  as  a 
new  star,  our  record  shows  that  I  saw  both  the  nebula  and 
the  star,  1887  April  12,  but  the  nebula  was  not  noted  on 
two  other  dates.  Our  estim.ates  were :  1885  May  4,  9" ; 
1887  March  26,  9j  «  ;  April  12,  9.\ ".  That  our  observations 
were  of  the  star,  is  proved  b}-  the  revision  1892  July  19, 
when  the  star  was  9^",  but  the  nebula  could  not  be  seen, 

h  HI  8  O         '  II 

19  50     6.71         -42  10  48.6 

50  12  21  9  59.0 

H         19  50  33.67         -42     9  51.9 

Now,  the  very  fact  that  a  Lacaille  star  appears  witli  only 
one  observation  in  the  General  Catalogue,  while  two  others, 
in  close  proximity,  are  repeatedly  observed,  in  different 
years,  shows  that  the  object  is  suspicious;  and  the  evo- 
lution of  27306,  with  the  large  number  of  observations  of 

1875  Sept.    9         G.C.  27312      obserml ; 

10 
10 

1876  Aug.  12 

2 

11 
23 

1877  Aug.  28 
Sept.    9 

19 

30 

From  this  it  would  seem  that  27305,  the  variable,  was 
always  fainter  than  9i,  probably  tlian  9^',  during  tlie  period 
of  the  1876  and  1877  observations. 

7266.     ET  Saffittarii. 
I  have  already  stated,  in  No.  360,  that  we  saw  only  one 
star  here,  and  I  suppose  both  estimates  are  of  the  variable 
star;  unless,  indeed,  this  was  invisible  at  that  time.     The 
Cordoba,  1806  Feb.  22. 


27305 

8>i 

27312 

-*« 

27306 

"           9i» 

27312 

"    no  inag. 

27312 

— 

27312 

"           — 

27312 

7JM 

27306 

9>i 

27306 

9JM 

27306 

9>i 

althougli  s[)ecially  looked  for.  Tliis  is  not  strange,  for  our 
low  power,  15,  and  tlie  small  effective  aperture  of  the  ob- 
jective, three  inches,  will  not  permit  two  such  faint  and 
closely-lying  objects  to  be  seen  separately,  excejit  under 
the  most  favorable  circumstances. 

7151.      IiT'  S'l^iffarii. 

Besides  the  two  General  Catalogue  stars  cited  by  Prof. 
Cami'Bkll  (.-l.J!  363),  there  is  another  which  entered  into 
the  problem  as  we  struggled  with  it  upon  the  meridian 
circle.  The  three  stars,  as  given  in  our  Catalogue  for 
1875.0,  are 

Lac.  8276  Observed  once  in  i875 

One  obs.  in  1870  anil  4  in  1877 

Two  obs.  in  1875,  0  in  1876,  and  4  in  1877 

27312,  is  sufficient  indication  of  wliat  tlie  state  of  the 
Director's  mind  was,  and  liow  nearly  he  came  to  discover- 
ing its  variability.  Referring  to  our  record-books,  I  hud 
the  following  notes : 

"a  fainter  star  precedes  by  28',  1'  S." 


;       "a  7J  follows  20''  same  decl."'  (2730.5  probably  invis.) 
;       "a  fainter  star  precedes"  (27305  probably  invis.) 

"only  bright  star" 

"only  a  faint  star  precedes"  (27.306) 
;       "a  faint  star  (27306)  precedes" 
;       "no  other" 

;      "a  star  precedes  by  ,5',  1'  S.,  but  too  faint  to  observe" 
;         no  note  of  another 

eomiiaiiion-star  seems,  however,  to  be  hardly  as  bright  as 
10",  and  I  adhere  to  my  former  assumption.  The  nearest 
estimate  in  declination,  that  we  can  make,  is  to  tenths  of 
the  scale,  or  1',  and  faint  objects  lying  closer  than  2'  would 
be  seen  as  one. 

In  the  same  number  of  the  Journal,  our  observed  place 
for  5511  JiS  LUirHK  is  erroneously  given  as  20'.  It  sliould 
be  2'.0,  as  its  current  number,  10973.!,,  indicates. 
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ELEMENTS   OF   VARIATION   OF  8598  U  PEGASI, 

Bv  s.  ('.  cirA\i)rj<:K. 


It  has  been  my  intention  not  to  publish  detailed  results 
for  the  above  star  until  nu)re  observations  could  be  ineor- 
porated.  J>ut,  from  a  preliminary  discnssion,  so  marked 
an  effect  of  a  well  known  form  of  subjective  error  has  be- 
come palpable,  that  it  seems  desirable  to  warn  observers  in 
order  that  they  may  arrange  their  scheme  of  observation 
for  the  coming-  season  so  that  it  may  be  investigated  and 
eliminated.  I  allude  to  the  systematic  effect,  arising  from 
unequal  sensitiveness  of  different  portions  of  the  retina, 
dependent  on  varying  position  of  the  variable  relative  to 
its  comparison-stars,  in  different  hour-angles.  It  has  been 
my  practice  in  the  case  of  this  star  to  begin  as  early  in  the 
evening  as  possible  and  measure  its  brightness,  at  quarter 
or  half-hour  intervals,  continuously  for  seven  or  eight  hours 
in  some  instances,  until  daylight  or  the  setting  of  the  star. 
During  these  long  intervals  the  parallactic  angle  changed 
nearly  100°.  As  a  consequence,  a  comparison-star  which 
was  in  a  vertical  line  with  the  variable  in  the  beginning, 
was  horizontal  with  it  at  the  end,  or  ri.ce  versa.  The  result 
is  that  the  light-curve  is  apparently  distorted,  and  the  times 
of  the  phases  accelerated  or  retarded.  This  troublesome 
phenomenon  has  been  known  to  all  careful  observers  for 
more  than  half  a  century,  and  requires  especial  precautions 
for  the  avoidance  of  its  influence.  In  order  to  analyze 
its  operation  in  the  present  case,  the  following  times  of 
minima  have  been  deduced  solely  from  the  comparisons 
with  the  stars  c  and  d  (see  A.J.  XV,  181),  and  those  of 
maxima  solely  from  the  stars  a  and  h ;  and  for  greater  cer- 
taiuty,  only  tliose  phases  have  been  used  for  whicli  a  part 
of  both  increase  and  decrease  were  observed.  The  last 
column  q,  gives  the  mean  parallactic  angle  for  the  observa- 
vations  used. 

Minima. 


E 

Obse 

rveil  C 

amb.  M.T. 

il    h    in 

P 

Mag. 

Red.  to  O 

<1 

0 

1894 

Sept 

22  11  30 

\ 

+  7'.'9 

—  7 

14 

25  16  30 

1 

4 

8.0 

+  50 

1694 

1895 

Oct. 

18  8  50 

2 

9.65 

7.4 

-25 

1695 

18  13  38 

1 

9.60 

7.4 

+  47 

1698 

19  7  12 

3 

9.72 

7.3 

-42 

1707 

21  8  44 

4 

9.63 

7.2 

-30 

1716 

23  9  55 

5 

9.70 

7.1 

+  4 

1720 

24  8  52 

1 

9.55 

7.1 

-27 

1721 

24  13  14 

2 

9.63 

7.1 

+  48 

1725 

25  11  44 

3 

9.62 

7.0 

+  38 

1733 

27  8  18 

4 

9.63 

6.8 

-23 

1737 

28  0  44 

3 

9.62 

6.8 

-42 

1763 

Nov 

.3  6  55 

2 

9.68 

6.3 

-35 

1768 

4  10  0 

2 

9.62 

6.2 

+  25 

1772 

5  8  15 

1 

9.72 

+  6.1 

-20 

Maxima. 

1720 

1895 

Oct. 

24  11  29 

6 

8.90 

+  7.1 

+  36 

1724 

25  10  0 

3 

8.98 

7.0 

+  9 

1732 

27  5  50 

2 

9.02 

+  6.8 

-47 

K. 

()l)served  Camb.  M.T. 

1' 

Mag. 

Hod.  to  0 

'1 

d   h   in 

111 

0 

1733 

1895  Oct.  27  10  30  : : 

0 

8.97 

+  20 

1737 

28  9  0 

1 

9.00 

+  6.8 

-13 

1745 

.')0   C  —  : : 

0 

9.03 

-47 

1754 

Nov.  1  7  38 

<> 

9.03 

().5 

—  .SO 

1763 

3  9  14 

5 

8.85 

6.3 

+  1 

1767 

4  7  50 

3 

9.00 

+  6.2 

—  22 

Comparing  the  heliocentric  times  with  my  newest  ele- 
ments, 

(1       li       m 

Min.  1894  Sept.  22  16  41.3  Greenw.M.T.  )    ,  ^„  oo,„v>^--r. 
Max.  22  19  45.3         "      •    "     [  ^"  '""' 

and  arranging  in  order  of  the  angle  q,  we  have  the  follow- 
ing table  : 

MiKlMA. 

E  q  O— C 

111 

+  42.0. 
+ 15.8 
+  27.8 
+  23.7 
+  32.3 
+  29.1 

-  1.2 

-  2.6 
-  7  -IS.S 
+  4  -15.6 
+  25  -  8.5 
-1-38  -17.0 
-f47  -15.1 
+  48  -37.9 
+  50         -50.2 


1698 
1737 
1763 
1707 
1720 
1694 
1733 
1772 

0 

1716 
1768 
1725 
1695 
1721 
14 


o 

-42 
-42 
-35 
-30 
-27 
-25 
-23 
-20 


+  16.8 

-  9.4' 
+  6.8 
+  5.7 
+  16.1 
+  14.1 
-15.0 
-14.6 
-23.0 
-13.2 
+  6.5 
+  5.8 
+  13.1 

-  9.1 
-20.2 


1> 


<"> 

2 

4 
1 

2 

4 
1 

1 

5 
2 
3 
1 

9 


1732 
1754 
1767 
1737 
1763 
1724 
1720 


-47 
-30 
—  22 
-13 
+  1 
+  9 
+36 


Maxima. 

-  0.9 

-  2.7 
+  9.7 
-32.2 
-17.2 
+  27.2 
+  5.3 


The  effect  of  the  subjective  error  mentioned  is  unmis- 
takably manifest  in  the  column  0  — C  for  the  minima.  Its 
correction,  +0"'.6  q,  when  apjilied,  gives  the  values  in 
column  r,  which  may  be  regarded  as  the  true  accidental 
deviations. 

In  the  maxima  no  such  effect  appears.  There  is  a  rea- 
sonable and  satisfactory  explanation  why  the  phenomenon 
appears  in  the  minima  and  not  in  the  maxima.  The  stars 
c  and  d,  used  for  the  former,  are  in  the  same  line  with  the 
variable,  and  this  line  is  horizontal  near  the  eastern  prime 
vertical,  but  vertical  near  the  western.  On  the  contrary,  one 
of  the  stars,  a  or  b,  used  for  the  latter,  is  in  a  horizontal, 
the  other  in  a  vertical  line  with  the  variable,  whether  the 
observation  is  made  east  or  west. 

The  probable  error  in  the  time  of  a  well  observed  mini- 
mum (wt.  4),  is  ±6'",  and  of  maximum,  ±10'".     This  illus- 
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trates  the  accuracy  with  wliicli  the  phases  can  be  cletenninecl, 
the  precision  being  entirely  comjiarable  with  that  of  niiiiiina 
of  stars  of  the  Alffol-ty\ie. 

Fronj  the  column  of  observed  magnitudes  the  mean 
brightness  at  minimum  is  9". 64,  and  that  at  maximiim  is 
8". 99.  The  average  discordance  from  the  mean  is  only 
±0".04.  in  both  cases. 

It  therefore  appears,  from  the  above  discussion,  that  the 
ligjit-curve  is  perfect!}'  regular,  so  far  as  observation  can 
distinguish.  The  same  is  true  of  the  period,  at  least  within 
the  interval  embraced  by  this  series. 

By  a  corresponding  treatment  of  Ykx dell's  observa- 
tions, as  i>ublished,  we  find  a  similar  correction  for  paral- 
lactic angle  in  his  case,  with  possibly  a  slightly  larger  co- 
efficient; and  that  it  will  satisfactorily  dispose  of  the 
anomalies  of  which  he  has  spoken. 

One  important  point  in  conclusion.  The  duration  of  in- 
crease in  thi^^s  star  is  3!"  4'",  and  its  ratio  to  the  wIkjIc 
period  is  0.r>54.  A  comparison  with  all  the  other  known 
variables  of  the  ordinary  type,  of  a  period  under  6  days, 
shows 


Period 

R 

r  P,'>jnsi                              0.23 

o.r)o4 

Ji  Mu-sme                         0.8S 

0.334 

T  Triaii'juli  nii.tfr>tlis      0.98 

■    . 

J  0  U  K  X  .\  L . 

Period 

R 

/'  Triiinijitli  nustrnlis 

2.r>ri 

0.298 

11  TriaiKjtdi  unstralls 

3.39 

0.245 

Y  Cnrinue 

3.64 

0.253 

W  Ciirinae 

4.38 

0.205 

T  Viiljievulae 

4.44 

0.293 

T  Vflonuii 

4.60 

0.391 

S  Cruris 

4.G9 

0.320 

8  Cejj/iei 

r).37 

0.300 

Y  Sar/ittarli 

a.  7  7 

0.312 

R  Cnicis 

5.83 

0.240 
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The  average  ratio,  li,  of  increase  to  ])eriod,  for  the  other 
stars,  is  0.290.  AVe  may  therefore  regard  V Pef/iisl,  pro- 
visionally, as  a  type  of  variability  distinct  from  this  class 
of  stars,  as  it  evidently  is  from  those  of  tlie  ^^jro^type. 

It  is  manifest  that  future  observations  should  be  planned 
so  that  the  error  here  treated  of  may  be  determined  and 
eliminated,  witli  the  head  placed  in  different  and  determi- 
nate positions  with  reference  to  the  separate  comparison- 
stars.  Further,  since  the  same  phases  may  be  observed  in 
Europe  and  America  under  different  hour-angles— whii'li 
will  permit  the  elimination  in  a  still  more  satisfactory  waj' 
—  it  is  earnestly  hoped  that  the  star  nuiy  be  quite  generally 
followed  during  the  coming  season. 


OBSERVATIONS  OF    VESTA, 

M.\I)K    AT   THE   STUDENTS'    OBSKRVATOHY,    UXIVEKSITY   OK    DENVEK,    COI.OIiAnrj, 

By  JOHN   DICKERMAN. 


No. 

Planet 

-* 

Planet's 

apparent 

log 

J)A 

189.1  Univers 

ityParkJI.T. 

* 

Comp. 

z/a 

z;8 

a 

8 

for  a 

forS 

Sept.    4 

h       m      a 

10     9  47 

1 

21,10 

111         S 

+  2  12.02 

+  3  44.0 

ll           III         8 

22  22  19.94 

O             t                  H 

-20  42  10.2 

H8.535 

0.882 

5 

9  23     9 

2 

24,10 

+  1  12.25 

-1  34.9 

22  21  29.19 

-20  47  28.7 

«9.378 

0.864 

6 

8  42  10 

3 

24,10 

-f  2  49.51 

-2  24.0 

22  20  39.10 

-20  51  38.9 

«9.480 

0.852 

9 

8  49  40 

4 

24,10 

+0     5.13 

+0  50.7 

22  18     9.34 

-21     7  40.9 

W9.424 

0.861 

Nov.  15 

7  40     7 

5 

15,    5 

+  1  18.15 

-6     7.5 

22  21  57.14 

-18  38  20.7 

8.940 

0.871 

16 

7  20  33 

6 

20,10 

+0  23.06 

+  8  41.4 

22  22  48.76 

-IS  31   12.8 

9.070 

0.868 

19 

6  12  35 

7 

20  .  10 

-1  54.90 

-7  10.0 

22  26  59.07 

-IS     9  50.1 

«8.580 

0.870 

Dec.      3 

7  11  31 

8 

20,    5 

+  0  23.75 

-hi  50.6 

22  40     9.90 

-16  14  15.3 

9.218 

0.855 

4 

6  35  35 

9 

17,    5 

+0  50.27 

+  2  31.4 

22  41  16.68 

-16     5  43.3 

8.998 

0.860 

Mean  Places  for  1895.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
ap)).  place 

Authority 

B 

o        ;           It 

ff 

1 

22  20     3.77 

+  4.15 

-20  46  11.2 

+  17.0 

Argent.  Gen.  Catal.  30602 

2 

22  20  12.79 

+4.15 

-20  46  10.7 

+  16.9 

Anon.  fol.  Munich  1, 30893,  by  36M2,  S.  12'24".2 

3 

22  17  45.44 

+4.15 

-20  49  31.5 

+  16.6 

Municli  1,30824 

4 

22  18     0.05 

+  4.16 

-21     8  46.7 

+  15.1 

Yarnall  10091 

5 

22  20  35.44 

+  3.55 

-IS  32  25.6 

+  12.4 

:\[unich  1,30923 

6 

22  22  22  16 

+  3.54 

-18  40     6.4 

+  12.2 

Anon.  fol.  Yarnall  10125,  l-"  59'.35,  N.13'    9".9 

7 

22  28  50.43 

+  3.54 

-18     2  53.1 

+  13.0 

^[unich  1,31192 

8 

22  39  42.72 

+  3.43 

-16  16  19.9 

+  14.0 

Anon.  prec.  Yarn.  10348,  9"- 22'.07,  N.   6' 24".l 

9 

22  40  22.99 

+  3.42 

-16     8  28.7 

+  14.0 

"        "         "          "       8">41'.80,  N.14'15".3 

The  above  observations  were  made  with  a  six-inch  Grubb  equatorial  and  filar  ndoronieter.     The  magnifying  power  was  76  diameters. 
The  latitude  of  the  observatory  is  39-  40'  3a'.  1.     The  longitude  is  C'  .59'"  47'.S1  west  of  Greenwich. 
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OBSERVATIONS   OF  MIMAS, 

MADl-:    Wlril    THE    2(i-INfII    Kl;rATollIAI,    Ol-   the    LEANDEB    MCCOnSIICK    OBSERVATOKY    Ol'    TIIFO    INI VEIiSITY    0¥   VIUOINIA, 

By  ORMOXD  stone. 

The  aiii;'les  here  t^'iveu  are  each  the  uieaii  of  two  coiu- 
pai'isoiis ;  the  distances  were  obtained  I'roiii  measures  of 
doulile  distances.  Corrections  have  been  applied  for  re- 
fraction. 

Mimas- JSncelad  us. 


5.71 

5.79 

4.62 

4.6fi 

7.24 

7.11 

43.23 

43.51 

44.64 

44.56 

43.15 

43.27 

42.65 

43.03 


21.51 
21.36 
17.66 
17.85 

74.44 
74.50 
20.01 
20.26 
20.59 
20.53 
70.69 
70.53 


ISO-I 

Eastern  St.  Time 

p         Eastern  St.  Time 

h        111       s 

0 

h       ni        s 

Apr. 

27 

13  47  10 

9.45 

13  51  38 

14     0  37 

21.17 

13  55     4 

May 

1 

9     2  42 

189.92 

9     5  43 

9  12  58 

195.18 

9     8  12 

9  48     1 

222.61 

9  50  59 

9  56  29 

223.81 

9  52  49 

2 

9  54  15 

99.83  . 

9  58  54 

10     6  50 

100.63 

10     3  21 

26 

9  42     4 

278.55 

9  44  58 

9  49  51 

278.57 

9  47     9 

June 

2 

11     6  57 

82.84 

11  10     1 

11  14     2 

82.87 

11   12     9 

11 

9  37  40 

262.45 

9  40  30 

9  45  40 

262.24 

9  42  40 

Mhiias-Tethijs. 

Mar. 

27 

14  21  29 

263.90 

14  27  56 

14  30  47 

264.32 

14  31  35 

Apr, 

15 

8  57  13 

259.38 

9     1  22 

9     7  31 

260.10 

9     3  47 

10  40  24 

263.10 

May 

1 

9  35  57 

88.24 

9  39"  58 

9  44  42 

88.41 

9  42  11 

2 

9     7     2 

261.76 

9  13  59 

9  34     2 

2(;3.57 

9  17  39 

26 

9  57  43 

248.31 

10     0  15 

10     6  33 

247.44 

10     3     9 

June 

2 

10     6  16 

86.27 

10     9     8 

10  14  39 

86.15 

10  11  27 

M  hints- 

'I'd li  i/s.  —  Cont. 

IS'.W 

Eastern  St.  Tinio 

p          East(!i-n  St 

Time 

s 

h       III       8 

0 

ii 

11 

s 

11 

June 

11 

9  47  53 

282.73 

9 

50 

45 

42.43 

9  56  13 

283.29 

9 

52 

43 

42.38 

Mh 

ii.as—Dinne. 

Apr. 

15 

9  11     9 

67.75 

9 

15 

33 

32.76 

9  22  20 

67.71 

9 

17 

53 

32.53 

May 

1 

9  16  19 

286.97 

9 

19 

31 

19.70 

9  23  52 

286.03 

9 

21 

5 

19.80 

10     1  23 

287.52 

9 

(') 

46 

17.48 

10  17     1 

287.44 

9 

11 

27 

17.34 

26 

9  31  23 

293.03 

9 

34 

18 

31.96 

9  38  59 

292.33 

9 

30 

30 

31.84 

June 

2 

8  28  49 

138.57 

8 

31 

10 

13.11 

8  35  29 

138.83 

8 

32 

48 

13.15 

<.'t 

Ml 

iiius-Ehea. 

Mar. 

27 

14  42  53 

308.96 

14 

48 

52 

18.22 

15     0  24 

308.72 

14 

52 

1 

18.42 

Apr. 

15 

9  25  51 

77.43 

9 

30 

3 

74.94 

9  38  13 

77.60 

9 

34 

57 

75.01 

iVIay 

1 

9  25  37 

247.14 

9 

28 

34 

30.77 

9  34  23 

247.25 

9 

31 

31 

36.78 

10  20  40 

248.13 

10 

25 

36 

41.08 

10  32  11 

248.58 

10 

28 

2 

41.08 

20 

9  20  46 

75.53 

9 

23 

36 

44.96 

9  29     7 

74.52 

9 

20 

3 

45.22 

June 

0 

10  16  41 

205.55 

10 

20 

32 

51.80 

10  25  12 

264.92 

10 

22 

52 

51.75 

Mi 

iias-Titii  n. 

« 

Apr. 

15 

10  13  29 

106.96 

10 

17 

57 

121.31 

10  27  45 

107.40 

10 

21 

46 

121.03 

Mini  iis-Lipf'f  IIS 

June 

2 

11   17  27 

324.62 

11 

20 

179.18 

11  24  11 

324.57 

11 

21 

22 

179.18 

NOTE   ON   THE   DIA]SrETERS  AND  ELLIPTICITY   OF   THE   PLANET   URANUS. 

By  E.  E.  BARNARD. 


In  reference  to  my  paper  on  the  planet  Uruniis  and  his 
satellites  in  Asfr.. Jour., no.  370,  Professor  Young  has  kindly 
sent  me  a  copy  of  his  paper  on  "  The  Ellipticity  and  Sur- 
face-jMarkings  of  Uranus,"  which  was  printed  in  the  Astro- 
nomische  Nachrichten,  volume  107,  no.  2545,  October  1883. 

When  I  sent  my  paper  to  A.J.,  I  did  not  know  of  Prof. 
Young's  paper. 

During  the  opposition  of  1883,  Professor  Young  secured 
a  set  of  measures  of  the  polar  and  equatorial  diameters  of 
Uranus  from  which  he  deduced  an  ellipticity  of  about  jL. 

These  diameter-measures,  which  were  made  with  the 
23-incli,  are  in  very  close  agreement  with  my  measures  as 
printed  in  A.J.  370,  as  will  be  seen  by  the  following  com- 
parison : 

Kenwood  Observatory,  Chicago,  III.,  ISdQ  ApriH. 


Diameters  of    Uranus. 
(Reduced  to  the  mean  distance  of  Uranus  from  the  Sun.) 
Polar  E(|uatorial 

3".946  4".273  Young,     1883  (8  nights) 

3  .930  4  .150  Barnard,  1894  (9  nights) 

During  his  measures  Professor  Young  occasionally  saw 
very  faint  belts  on  the  planet  similar  to  those  of  Jupiter 
and  Saturn.  From  micrometer-settings  on  these  belts  at 
different  times  he  deduced  a  position-angle  of  about  37°. 
Since  1883  this  angle  would  have  decreased  about  10°  or  12°, 
so  that  the  resulting  position-angle  of  the  equator  of  Uranus 
is  in  good  agreement  with  the  value  given  by  me  (28°)  from 
my  measures  of  the  apparent  ellipticity  of  the  disc  of  the 
planet. 
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OBSERVATIONS  OF   J.ON 

By  PAUL  S. 
845.     Ii'  Crti 
Twelve  observations  of  this  star,  from   189."  Dec.  f>  to 
ISlK)  Feb.  1.  show  a  maxiniuiii  of  about  8". 8  on  18115  Dec. 
L'l.     The  magnitude  at  the  first  observation  was  9". 3.  and 
at  the  last,  9". 2. 

980.  J'  re,:<el. 
Since  the  observations  of  this  star  were  published  in 
Vol.  XV  of  this  Journal,  p.  35.  it  has  been  kept  under  ob- 
servation; and  a  minininni,  estinuited  to  be  of  10". 6  was 
pas.sed  1895  Dec.  12.  On  1896  Feb.  1  the  star  had  increased 
to  9>'.8. 

1717.      y  Toiirl. 

From  eleven  observations  of  this  star,  extendini,'  from 
1895  Dec.  (>  to  1896  Feb.  1,  a  faint  and  rather  uncertain 
maximum  of  this  star  seems  to  have  taken  place  1896  Jan. 
12.  at  a  magnitude  of  9".  4. 

Dorchester,  Mass.,  lS9t5  Feb.  9. 


Ci-PERIOl)    VAKIAIJLES, 

YEXDKLL.    • 

2625.  V  Gemlnnrum. 
I  have  six  observations  of  this  star,  as  follows:  It  was 
first  .seen  1895  Dec.  16,  and  its  light  estimated  at  9". 3  ;  the 
next  two  observations  show  a  sharp  and  distinct  rise  to 
9".0,  which  it  reached  Dec.  21,  falling  away  rapidly  from 
this  date,  until  Feb.  1,  when  it  was  below  all  the  comparison- 
stars,  and  estimated  to  be  about  11". 

7085.     R'T  Ci/'jni. 

I  have  twenty  observations  of  this  star,  from  1895  Nov. 
27  to  1896  Feb.  8. 

At  the  first  date  its  light  was  about  9". 7,  from  which  it 
steadily  increased  to  a  maximum  of  6". 8,  which  it  reached 
1S96  Jan.  10,  declining  at  about  the  same  rate  until  tlie 
last  observation,  when  it  had  decreased  to  7". 9. 


MAXLMA    AND    MINIMA    OF 

By  J.  A.  P. 

294.      W  Cassiopeae. 
Since  its  maximum  in  1895  July,  this  star  declined  slow- 
ly, with  some  apparent  fluctuations,  to  a  minimum,  11". 4, 
1896  Jan.  19.     It  then  rose  slowly,  till  at  the  last  obser- 
vation, April  3,  it  was  10". 0.     I  have  52  observations  since 

1894  Dec.  8,  covering  somewhat  more  than  one  period. 
Taken  in  connection  with  Esmn's  estimates  in  the  fall  of 
1887.  a  period  of  about  11  months  is  indicated. 

678.      U  Persel. 
I  have  21  observations  from  1895  Sept.  9  to  1896  April  3, 
giving  a  maximum,  7". 2,  1896  Jan.  22.     The  interval  from 
the  last  maximum  is  310  days;  from  the  last  minimum, 
181  days. 

1623.     T  Ca ineloj)tinlcli.<!. 
The  position  of   this  star  as   measured   with   the   filar 
micrometer  is 

R.A.  Decl. 

4"  25™  59'.51      -1-65'  50'  52".7         1855 
4   30    21  .60         65   56  45  .1         1900 

A  maximum,  7". 4,  is  indicated  by  21  observations  from 

1895  Sept.  30  and  1896  April  3,  for  1896  Jan.  10. 

5601.     .S  Ufxae  miiiorh. 
I  have  measured  the  place  of  this  star  witli  the  follow- 
ing results : 

R.A.  Decl. 

15'- 35'"  18'..58     +79°    7' 1.3".4         18.55 
15   33.26.73         78    58  17.7         1900 

The   reference-points   were    DM.  78°518  and   519,   and 
79°467.      The    places   of    the   first    two   for    1875    were 


LOXG-PERIOD    YxVRIABLES, 

\RKHURST. 

kindly  furnished  bj'  Prof.  Di  ijiA(;ii  from  lii.s  unpublished 
Kasan  Astr.  Gesefl.<i.  Cutalogue.     The  last  is  in  ]!onn  VI. 

Magnitude-comparisons  on  21  evenings  from  1895  Oct.  2 
to  1896  April  3- yield  a  maximum,  7". 4,  1896  Jan.  24. 
The  star  was  10". 1  at  the  first  observation,  and    9". 2    at 

the  last. 

0207.     Z  Ophiuchl. 

I  have  21  observations  from  1895  May  19  to  Xov.  26, 
showing  a  minimum,  11". 8,  1895  Oct.  3.  Tlie  minimum, 
being  more  sharply  defined  than  the  maximum,  is  better 
adapted  to  determination  of  the  star's  ])eriod.  The  rates 
of  decrease  and  increase  were  about  equal  At  the  last 
observation  the  magnitude  was  10". 2. 

7085.     RT  Cygni. 
I  have  36  observations  between  1895  Aug.  5  and  1896 
Feb.  5,  j-ielding  a  minimum,  11". 9,  ]89."i  Oct.  12,  and  a 
maximum,  6". 8,  1896  Jan.  17.     The  minimum  is  especially 
well  established. 

8324.  V  Cassiopeae. 
I  have  37  observations  from  1895  Aug.  8  to  1896  April 
3.  They  yield  a  maximum,  7". 5,  1895  Oct.  21,  and  a  min- 
imum, 12". 4, 1896  Feb.  15.  The  rise  to  maximum  was  some- 
what unsteady,  but  a  smoothed  curve  agreed  closely  with 
the  mean  curve  given  in  A.J.  no.  358,  and  the  corrections 
to  the  ephemeris  founded  on  the  elements  therein  given  are 
only  +1  day  and  —1  day,  respectively. 

Marengo,  III.,  1S96  April  21. 
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OBSERVATIONS   OF   COMET  b  1896  {swift), 

JI.VDE    AT   THE    DUDLEY   0B8ERVAT0KV,    AI.IiA.NY, 

By  ARTHUR   J.  ROY. 


1S9C  Albany  M.T. 


* 

No. 
Coiiii). 

1 

8 

•> 

10 

3 

10 

Aa 


z/S 


^'s  apparent 

a  I  S 


log  pA 
for  tt  for  S 


April  22  8  22  15 
23  8  30  31 
26     8  22  45 


+  0  11.64 
+  0  36.45 
+  0  30.09 


+  3  29.9 
+  1  2.0 
+  2  14.5 


3  30  22.99 


27  50.86 
18  10.86 


+  34  3  52.3 
+  36  40  24.2 
+  43  56  54.4 


9.706 
9.712 
9.749 


0.768 
0.777 
0.776 


Mean  Places  for  1890.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

'> 

3 

h       111      s 

3  30  11.32 
3  27  14.45 
3  17  41.01 

+o!o3 

-0.04 
-0.24 

+34     0  12.6 
+  .36  39  12.4 
+  43  64  30.1 

+  9^8 
+  9.8 
+  9.8 

Bonn  VI,  682,  Paris  4238,  Leiden  Zones 
Lund,  Zones  117  and  121 
Deichmuller,  Bonn  A.G.  Catal.  2844 

Nucleus  quite  diffuse  ;     Ja  measured  miorometrically. 


1896  Washington  M.T. 
April  26  8"  10"'  40^ 


* 
1 


OBSERVATIONS    OF    COMET  b  1896  {swift), 

MADE    AT   THE   U.S.    XAV-\L   OliSEKVATOIiY, 

By-  Assistant  Astronomek  GEORGE   A.  HILL. 
[Communicated  by  Prof.  Wm.  Harkness,  U.S.N.,  Astronomical  Director.] 

^ —  ^  ^'s  apparent 

Ja  j8  a 

-3"  2^69     I  -8'  37".l 


No. 
Comp. 

20,4 


18'"  10».49  I    +43°  52'  25".6 


log  ;)A 
for  a  for  (J 

9.781    I   0.741 


Mean  Place  for  1896.0  of  Comparison- Star. 

Red.  to  g  Red.  to 

app.  place  app.  place 


Authority 


3''21™1.3».40  I  -0'.22  I  +44°  0' 52".5  I  +10".2  I     Deiehniiiller,  Bonn  A.G.  Catal.  2906 


ELEMENTS   AND   EPHEMERIS   OF   COMET  c  1895  {pebbine), 

By  R.  6.  AITKEN. 

The  following  elements  and  epliemei'is  are  based  upon 
Mr.  I'ekrixe's  observations  of  Nov.  17,  Dec.  7,  1S95,  and 
March  10,  1896  (Mt.  Hamilton  M.T.). 

Elements. 
T  =   1895  Dec.  18*.32670  Greenwich  :M.T. 

,0  =  272°  40  23.4  ) 

Q,  =  320  30  47.6  - 1896.0 

I  =  141  36  39.5  ) 

log'/  =  9.283259 

Residuals  for  the  middle  place  (()  — C)  : 

JXcosfi  =    +1".5     ,     .://?  =    +1".9. 

Constants  for  the  Equator,  1896.0. 

X  =  [9.963187];-  sin(  35°  31  4:2.1  + r) 
il  =  [9.996428]/'  sin  (128  42  5.4+ r) 
z  =   [9.618080]  r  sin  (235     5  54.1 +  c) 


Ephe 

WERIS     FOR 

GREE^ 

WICH 

Mean  Midnight. 

1896 

App. 

a 

App.  8 

logr 

log  A 

Br. 

May     8.5 

\\          111         s 

18  46  45 

+  20 

36.5 

12.5 

18  38 

58 

21 

23.6 

0.4584 

0.3552 

0.057 

16.5 

18  30 

50 

22 

5.4 

20.5 

18  22 

27 

22 

41.3 

0.4747 

0.3619 

0.051 

24.5 

18  13 

53 

23 

10.7 

28.5 

18     5 

14 

23 

33.7 

0.4902 

0.3720 

0.045 

June    1.5 

17  56 

m 

23 

49.9 

5.5 

17  48 

4 

23 

59.5 

0.5049 

0.3858 

0.040 

9.5 

17  39 

43 

24 

2.6 

13.5 

17  31 

39 

23 

59.6 

0.5189 

0.4027 

0.035 

17.5 

17  23 

56 

23 

50.9 

21.5 

17  16 

37 

23 

36.9 

0.5322 

0.4226 

0.030 

25.5 

17     9 

46 

23 

18.3 

29.5 

17     3 

23 

22 

55.8 

0.5450 

0.4444 

0.025 

July    3.5 

16  57 

31 

22 

29.9 

7.5 

16  52 

9 

-)-<>0 

1.1 

0.5572 

0.4679 

0.021 
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XEAV   ASTEROIDS. 

Piofessor  Kkeitz  has  cominuuicatecl  the  i)ositious,  for  mean  equinox  of  1855.0,  of  two  small  planets  found  by 
Prof.  AVoM-  on  photogiaphie  plates  taken  at  Heidelberg.  April  LM,  at  10'' 19'",  mean  time. 


CQ         11!.         ,«   =   13  15.3  ,    8  =  +3  .33. 
CR         11  i         a   =   V6  L'G.2  ,    8  =  +7  40. 


Daily  motion.  —54'  in  a.  and  (i'  luntliward. 
Daily  motion.  — 00"  in  a,  and  1'  northward. 


ADALliEKT 

Professor  Dr.  An.vi.iiKKr  KitrKUKit,  Kiiiioroftho  vl .<(roHoiHi.se/ie 
Nachrichten,  and  Director  of  the  Koyal  Prussian  Observatory  at 
Kiel,  dieii  tliero  on  April  21,  an  hour  before  midnight.  For  some 
years  his  health  had  been  delieate,  and  of  late  he  had  suffered  much; 
but  his  end  was  peaceful  and  caltn. 

For  sixteen  years  he  had  conducted  the  Nachrichten  with  signal 
al)ility:  maintaining  its  high  character  as  a  center  for  astronomical 
research  and  information  of  the  liighest  order,  and  oven  raising, 
whenever  possible,  its  tone  of  scientilii'  liignity,  impartiality  and 
judicious  discrimination.  By  an  especial  agreement,  made  in  May, 
1880,  between  the  Prussian  Ministry  of  Public  Instruction,  the  Coun- 
cil of  the  A.itronomi»che  GeaeUschOil't,  and  himself  while  Director  of 
the  Observatory  at  Gotha,  it  was  provided  that  he  should  be  trans- 
ferred to  the  Observatory  at  Kiel,  and  there  assume  charge  of  the 
Ifachrichten,  from  the  beginning  of  its  hundredth  volume;  —  con- 
tinuing the  publication  with  the  scientific  support  and  cooperation  of 
the  Council,  especially  in  judgeiuenl  relative  to  communications, 
and  the  teclmic.il  questions  of  editorship,  to  such  extent  as  he  might 
find  desirable  in  any  case.  Moreover,  Prof.  KiiiEiiKK  was  charged, 
on  assuming  the  control,  with  the  duty  of  obtaining  the  views  of  the 
Council  as  to  the  principles,  scientific  and  technical,  to  be  established 
for  guiding  his  policy. 

IIow  admirably  Prof.  Kuikoek  has  filled  the  important  position 
thus  assigned  him,  is  well  known  to  astronomers.  He  has  brought 
to  his  task  a  critical  acumen,  a  judicious  tact,  and  a  kindly  spirit,  — 
a  combination  which  has  resulted  to  the  advantage  of  astronomy  in 
many  countries. 

This  is  neither  the  time  nor  the  place  to  give  any  detailed  history 
of  Krukgeb's  career,  or  any  enumeration  of  his  researches.  A  few- 
words  must  suffice  at  present. 

lie  was  bora  in  1832  at  Marienburg  in  Prussia ;  and,  after  pursuing 
his  academic  studies,  became  at  the  age  of  21  years  assistant  to 
AitfiELANDEK  in  Bonn,  who  had  then  been  engaged  for  soniewliat 
more  than  a  year  upon  the  observations  for  his  Durclimusteriinr/. 
SciioXFEi.D  had  become  an  assistant  a  few  months  earlier:  and  the 


kiil'egj:k. 

part  in  the  work  accomplislu'd  by  tliitsc  two  young  men  proved  so 
important  that  AitOEl.AXDEit  insisted  upon  placing  their  names, 
with  his  own,  upon  the  title-pages  of  the  great  work. 

The  spirit  and  influence  of  the  master  was  naturally  transfused 
into  the  pupils,  and  their  subse(iuent  services  to  astronomy  were 
largely  in  the  directions  to  wliich  his  guii'ance  had  naturally  led. 
More  even  than  any  other  of  his  i)Ui>ils,  they  followed  in  the  ])alhs 
in  wliich  he  had  been  a  pioneer,  ami  pin-sued  them  with  the  same 
zeal  and  thoroughness  of  w-hich  he  had  afforded  so  marked  an  ex- 
ample. 

At  Bonn  Kiu  eoek  was  also  active  in  the  discovery,  observation 
and  computation  of  variable  stars.  Later,  after  a  happy  union,  only 
now  interrupted,  with  the  daughter  of  his  principal  and  teacher,  he 
was  appointed  to  the  direction  of  the  Observatory  at  Ilelsingfors;  and 
there,  in  the  years  1809  to  1876,  he  carried  on  the  observations  of  the 
zone  .j5°  to  O.j"  for  the  Catalogue  of  the  AstronomtKclie  GcseUschc/t; 
these  being  completed  with  the  same  instnmient,  between  1877  and 
1880,  after  his  removal  to  Gotlia,  to  which  observatory  he  had  mean- 
while been  appointed.  Thence  he  was  transferred  to  Kiel,  to  take 
the  direction  of  the  Nachrichten.  The  AM.  zone  undertaken  l)y 
him  was  the  first  completed  of  the  whole  series,  although  the  Cata- 
logue itself,  from  Boss's  Zone,  may  have  been  finished  a  little  sooner. 

Although  his  life  was  thus  largely  occupied  with  labors  upon  the 
Durchmunterung,  the  Zone  and  Catalogue  for  the  Axtr.  Genelhchaft, 
and  the  management  of  the  Antroh.  Nachrichtim,  his  other  .services 
to  astronomy  were  numerous  and  varied.  They  comprised  researches 
upon  varialile  stars  —  determinations  of  stellar  parallax  —  an  elabo- 
rate determination  of  the  stars  in  the  cluster  h  Per-sel,  observed  with 
the  Bonn  heli(mieter  between  October  18(10  .and  .March  18(i2,  and  com- 
puted at  ilelsingfors,  where  they  were  published  in  1805,  —  numerous 
computations  of  planets,  comets,  etc.  The  large  jjroper  motion 
(2". 84  gr.  c.)  of  the  star  Groombridge  i}4  was  also  first  detected  by  him. 

He  leaves  the  record  of  a  useful  and  disinterested  life;  and  is 
lamented  by  a  large  circle  of  astronomers,  to  whom  his  character 
had  justly  endeivred  him. 
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OBSEKYATIONS   OF  VARIABLE   STARS  OF   SHORT  PERIOD, 

By  EDWIX 
2279.      T  Monocerotis. 

In  No.  2660  of  the  A.K.,  I  published  a  discussion  of  my 
observations  on  this  star  made  during  the  years  1881-1883. 
The  period  from  these  observations  was  found  to  be  26.97 
days.  From  the  mean  Hght-curve  formed  and  liglit-scale 
adopted  all  the  times  of  maximum  and  minimum  up  to  and 
including  the  years  1881  and  1890  have  been  determined 
and  published.  The  publication  of  Dr.  Chandler's  Second 
Catalogue  has  caused  me  to  form  a  new  mean  light-curve, 
based  on  his  elements  which  he  considers  nearly  definitive, 
and  using  the  observations,  181  in  number,  made  during 
the  years  1890  to  1894  inclusive.  From  this  new  light- 
curve  the  times  of  maximum  and  minimum  for  the  years 
1891  to  1894  have  been  deduced,  and  are  given  below.  It 
appears  that  the  increase  occupies  7.42  days,  and  the  de- 
crease 19.58  days.  The  decrease  is  slow,  and  somewhat 
irregular,  there  being  a  distiuct  bend  in  the  curve  about  11 
days  after  maximum.  The  star  remains  at  maximum  about 
0.8  of  a  dajr,  and  at  minimum  about  2.5  days,  with  a  fluctu- 
ation in  light  of  a  step  or  two  at  the  maximum  and  mini- 
mum brightness. 

The  flatness  of  the  cvirve  at  minimum  precludes  a  sharjj 
determination  of  this  phase.  The  rise  from  minimum  ap- 
pears somewhat  sharper  than  found  by  Dr.  Chandler. 


E. 

242 
243 
244 
245 
246 
247 
248 
255 
256 
257 
258 
259 
260 
261 
269 


Observed  Maxim.v 
Boston  M.T. 

1891  Oct.  3L57 
Nov.  27.74 
Dec.   23.95 

1892  Jan.  20.93 
Feb.  15.76 
Mar.  13.96 
Apr.  9.31 
Oct.  15.99 
Nov.  11.84 
Dec.      9.14 


1893  Jan. 
Feb. 

]\rar. 

Oct. 


5.18 

1.38 

27.92 

27.03 

28.54 


wt. 
2 
3 
3 

o 

o 

3 
5 
1 
1 

2 

5 

o 
O 


E. 

242 
243 
244 
245 

246 
247 
248 
249 
257 
258 
259 
260 
261 
262 
270 


Obser\-ed  Mixi.m.\. 
Boston  M.T. 

1891  Oct.  23'^57 
Nov. 
Dec. 

1892  Jan. 
Feb. 
Mar. 
Apr. 


Dec. 

1893  Jan. 
Feb. 


19.55 
16.89 
12.93 
8.32 
5.75 
3.42 
30.94 
1.82 
27.08 
24.02 
18.87 


JMar.  18.87 
Apr.  15.33 
Nov.  19.22 


wt. 

1 
1 
1 
3 
3 
3 
5 
1 
2 

o 

4 
C 

7 
5 
5 


F.  SAWYER. 

Observed  Maxima 

OiisERVEi)  Minima 

E.             Boston  M.T. 

wt. 

E. 

Boston  M.T. 

wt. 

270     1893  Nov.  24.23 

3 

271 

1893  Dec.   14.56 

5 

271               Dec.    22.14 

6 

272 

1894  Jan.    10.41 

6 

272     1894  Jan.    17.45 

2 

273 

Feb.      6.02 

10 

274 

Mar.     4.92 

10 

275 

Apr.      1.71 

6 

276 

30.13 

1 

The  mean  yearly  residuals 

are  as  follows  : 

Maximum 

Minimum 

Year       Epoch      O— C 
1891-2  '  245     +0^270 

wt. 

Yeai 

Epoch       0— C 

wt. 

20 

1891- 

-2     245     +0.752 

18 

1892-3     258     +0.089 

18 

1892- 

-3     259     -0.330 

26 

1893-4     270     -0.337 

15 

1893- 

-4     273     +0.391 

43 

Mean      258     +0.007 

18 

259     +0.271 

29 

2676.  U  Mo7iocerotis. 
The  observations  on  this  star  number  40,  and  extend 
from  1893  November  28  to  1894  May  3.  Maxima  were 
passed  1894  January  7,  February  18  and  April  5,  showing 
intervals  of  42  and  46  days  respectively.  Minima  were 
reached  1893  December  14, 1894  January  29  and  March  20, 
the  intervals  being  46  and  50  days  respectively.  All  the 
maxima  and  minima  were  quite  bright. 

6189.  UOphiwhi 
The  following  minima  of  this  star  have  been  determined 
since  1891.  The  times  have  all  been  calculated  by  means 
of  the  mean  light-curve  by  Argelander's  method,  and  the 
comparisons  in  the  O  — C  column  are  with  Dr.  Chandler's 
latest  elements  given  in  his  Second  Catalogue. 

Observed  Minimum 

Epoch  Boston  M.T.  Light  Equat.    wt.  O— C 

d        h        m  m  ni 

4798         1892  July    23     9  34.6         +5.3         3         +24.1 
4835  Aug.    23     9  40.5         +2.1         1         -18.0 

5213         1893  July     6  10  28.0         +6.8         2         +   1.6 
5684         1894  Atig.      5  10  53.1         +4.2         4         -   3.1 

(113) 
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(1404.      Y  Ojili  iac/i !. 

The  following  maxima  ami  minima  of  this  .><tar  have 
been  deduced  since  my  list  published  in  no.  272  of  the  A.J. 
The  laiije  and  increasing  minus  residuals  indicnte  a  further 
correction  to  my  elements,  which  were  given  in  the  same 
number  of  tlie  Journal.  The  following  corrections  should 
be  made: 

No.  272  A.J.,  page  63,  miu.  epoch  130,  for  Sept.  read  Oct. 

Epochs  146  and  147  for  June  read  July. 


Obsei 

VEn  Maxima 

OltSKKVKn    MlNIM.V 

E. 

Boston  M.T. 

\vt. 

E. 

Boston  M.T. 

207 

1892 

May   19.53 

1 

207 

1892  iMay   13.43 

209 

June  22.34 

3 

208 

29.55 

210 

July     9.53 

209 

June  16.S3 

211 

26.12 

211 

July  2n.2i( 

212 

Aug.  12.93 

212 

Aug.     i'Kt't.') 

213 

30.07 

213 

23.52 

214 

Sept.  15.27 

214 

Sept.  10.44 

215 

Oct.      2.67 

215 

27.12 

216 

20.90 

216 

Oct.    12.82 

229 

1893 

May  31.97 

228 

1893  May     7.44 

231) 

Jiuie  15.21 

229 

23.45 

231 

July     3.77 

231 

June  30.39 

232 

20.79 

232 

July   15.06 

233 

Aug.     5.96 

233 

31.7.S 

235 

Sept.  10.13 

234 

Aug.  17.82 

236 

26.52 

235 

Sept.    4.62 

237 

Oct.    14.48 

236 

20.32 

238 

Nov.     1.35 

237 

Oct.  •    7.58 

249 

1894 

May     7.50 

251 

1894  June    6.45 

250 

25.45 

252 

o'>  2r> 

251 

June  10.55 

253 

July     ^.Wt 

252 

27.84 

254 

27.24 

254 

Aug.     1.42 

255 

Aug.  11.84 

255 

19.33 

256 

28.64 

256 

Sept.    4.08 

257 

Sept.  l(i.27 

257 

22.40 

258 

Oct.      3.40 

258 

Oct.      8.71 

259 

20.47 

259 

26.7C 

2 

The  observations  number  146. 

The  mean  yearly  residuals  are  as  follows : 


ilAXI.MU.M 

Year  Epoch       O— C  wt. 

1892  212     -o'.229  IS 

1893  233     -0.542  18 

1894  254     -0.420  19 


Mean   233     -0.397     IS         | 


Minimi  .m 

Year     Epocli       O— C  wt. 

1892  212     -0.116  .33 

1893  233     -0.308  28 

1894  255     —0.553  30 


233     —0.326     30 


6573.      Y  Sagittarii. 

The  observations  on  this  star  during  1894  numl)er  61, 
and  extend  from  May  29  to  November  3.  From  these  ob- 
servations the  following  maxima  and  minima  have  been 
determined  by  use  of  the  mean  light-curve. 


E. 

486 
487 
490 
492 
495 
496 
497 
498 
500 
501 
502 
503 
506 
507 
508 
510 
512 
513 


OiisEiiVKn  Maxi.ma 
Uoslon  >I.'P. 

1894  .May  31.64 

June    6.64 

23.04 

July     5.41 

22.4(1 

28.44 

Aug.    3.38 

8.76 

20.50 


iJO.i 


Sept. 


Oct. 


Nov. 


8 

1.03 

6.33 

24.53 

29.  S9 

5.34 

17.19 

28.30 

3.36 


wt. 

1 
1 
1 
1 

1 

2 
1 
1 
2 

1 
1 
1 
2 

2 

3 
2 

1 

9 


E. 

4S6 
487 
490 
491 
492 
493 
496 
497 
498 
500 
501 
506 
507 
510 
511 
512 
513 


OnsEItVKI)    MlXI.MA 

Boston  M.T. 

1894  Jlay   3()'.2S 

June    4.25 

21.98 


July 


AUL 


27.11 
2.95 
8.78 

26.00 
1.23 
(i.90 

18.74 

24.25 
Sept.  22.04 

27.97 


wt. 

1 

3 
3 
1 

o 

.} 

2 
1 
3 


Oct, 


14.96 
21.11 


Nov.     1 .52 


The  mean  yearly  residuals  are 

1894  Epoch  Maximum  500     0-C  iO.Ooo     Wei-ht  26. 
Epoch  :Miniiinini  500     0-C  -0.036     Weight  35. 

In  determining  the  times  of  ininiinum  I  have  used  the 
value  1.94  days,  the  duration  of  increase  as  found  from  my 
mean  light-curve,  instead  of  1.80  days  given  in  Dr.  Chand- 
i.kr's  elements,  the  residuals  coming  out  inuch  closer  by 
using  the  former  instead  of  the  latter  value. 

6984.  U  Aquilae. 
•The  observations  on  this  star  number  64,  and  extend 
from  1894  June  1  to  December  3.  From  these  obser- 
vations the  following  maxima  and  minima  have  been  de- 
termined by  means  of  the  mean  light-curve,  using  Y>:xi)ELl's 
elements,  and,  apjilying  the  apparent  corrections  found 
lioin  my  previous  observations,  and  given  in  no. 323  of  the 
A.J.  In  my  former  communication  the  value  2.12  days 
for  M—ni  found  from  my  mean  light-curve,  instead  of  Ykn- 
d>:ll's  value  2.25  days,  was  u.sed.  In  the  results  given 
below,  however,  Ykx hell's  value  has  been  used  as  prefer- 
able to  mine.  The  still  large  minus  residuals  would  indi- 
cate a  further  correction  to  the  elements  possibly  of  the 
nature  of  a  periodic  inequality. 


Observed  Maxima 

OnsEiiVEi)  -Mi.nima 

E. 

Boston  M.T. 

wt. 

E. 

Boston  M.T. 

wt 

400 

1894  May  3o'.'41 

1 

401 

1894  June    3!77 

2 

401 

June    5.97 

1 

404 

26.26 

2 

403 

20.79 

3 

405 

July     2.53 

2 

405 

July     4.60 

1 

406 

9.31 

2 

408 

25.73 

<> 

408 

22.40 

1 

409 

Aug.     1.59 

2 

409 

30.53 

2 

410 

8.53 

1 

410 

Aug.     ().64 

3 

412 

23.00 

3 

412 

20.61 

3 

413 

29.41 

1 

413 

27.80 

1 

414 

Sept.    4.76 

1 

417 

Sept.  24.64 

4 
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OiiSKiiVKi)  Maxima                              Hiisi;i!vi;i)  Mi.mma 

the 

residuals    a] 

)pears 

somewhat    sharpei 

than  found 

by 

E.             HostoiiM.T.           wt.              E.             Boston  M.T. 

wt. 

Dr.  ( 

'handler. 

3r  about  6''.1 

instead  of  6'' 

.8.     The  flatness 

41 C.     IS'.i4  Sept.  19.37     2 

418     1894  Oct.      1.83 

<> 

of  tl 

le  curve  at 

minimum,  and  a  fluctuation  of  2  or  3  st 

eps 

417                        2fi.(;.S     2 

419                          9.19 

1 

prevents,  howev 

iv,  a  sh 

irj)  d 

_'termin! 

ition  of  this  dIkisc. 

41,^               Oct.       4.29     2 

420                          16.05 

1 

420                          18.31     3 

421                        22.26 

1 

Observed  Maxima 

OnSEKVKI)    MiXI.M.V 

421                         26.03     2 

422                        29.83 

1 

E. 

Boston  M 

wt. 

E. 

Boston  M.T. 

wt 

422              Nov.     1.14     3 

423              Nov.     5.72 

1 

3 

1886  Nov. 

28.76 

5 

4 

1886  Dec.     7'.'98 

1 

424                          15.54     1 

425                        19.25 

1 

4 

Dec. 

14.83 

5 

5 

24.82 

4 

425                        22.39     1 

427              Dec.      3.23 

1 

5 

30.44 

3 

6 

1887 

Jan.      9.31 

3 

426                        29.37     1 

6 

1887  Jan. 

16.92 

9 

7 

25.62 

1 

Tlie  mean  yearly  residuals  are 

15 

June 

13.45 

5 

15 

June    7.92 

2 

(1 

16 

29.71 

3 

16 

23.32 

4 

1,S94  Epoch  I\Iaximuiu  414     ()_C  -0.267     Weight  33. 

17 

July 

15.71 

4 

17 

July     9.69 

4 

Epoch  Miniinuiu  414     ()  —  (_'  —0.323     Weight 

31. 

19 

Aug. 

18.10 

3 

18 

29.00 

1 

7149.     S  Sf(;/i//(ie. 

20 

Sept. 

3.65 

2 

19 

Aitg.   11.49 

5 

21 

18.94 

3 

20 

27.91 

1 

The  observations  on  this  star  during  1894  extend  from 

'>0 

Oct. 

5.67 

3 

21 

Sept.  13.40 

7 

May  24  to  1S95  January  3,  and  number  125.     From  tl 

lese 

23 

21.90 

1 

22 

28.66 

2 

observations  the  following  minima  have  been  determined 

24 

Nov. 

7.52 

5 

23 

Oct.    16.05 

5 

by  use  of  the  mean  light-curve. 

25 

23.76 

1 

24 

Nov.     1.58 

5 

26 

Dec. 

9.92 

3 

25 

18.00 

5 

OiiSf;KVEii  Maxima                            OiiSEiiVKi)  Minima 

28 

1888  Jan. 

12.17 

4 

26 

Dec.      5.0(; 

4 

E.            Boston  M.T.           wt.              E.             Boston  M.T. 
rt                                                          a 

wt. 

29 

28.99 

2 

27 

20.25 

5 

761     1894  May  29.48     1 

775     1894  Sept.  23.61 

4 

36 

Jitne 

8.43 

3 

28 

1888  Jan.      4.25 

2 

762              June    6.08     3 

776              Oct.      2.83 

1 

24.56 

1 

29 

23.97 

2 

764                        23.96     1 

777                          11.02 

3 

38 

July 

11.43 

3 

36 

May   31.43 

2 

765              July     2.00     3 

778                        19.42 

3 

39 

27.75 

2 

37 

June  17.01 

2 

766                    '      9.38     1 

779                        27.60 

3 

40 

Aug. 

11.96 

2 

38 

July     3.72 

4 

768                        27.68     2 

780              Nov.     4.66 

3 

41 

27.88 

2 

40 

Aug.     6.72 

3 

769              Aug.     4.28     2 

781                        13.32 

2 

42 

Sept. 

13.80 

2 

41 

22.21 

2 

770                        12.62     2 

782                        21.34 

3 

43 

30.11 

o 

42 

Sept.    8.16 

1 

771                         21.67     4 

783                        30.30 

3 

45 

Nov. 

2.19 

4 

43 

23.41 

3 

772                        30.37     2 

785              Dec.    16.41 

2 

47 

Dec. 

4.78 

o 

44 

Oct.      9.96 

2 

773              Sept.    7.62     1 

786                        24.74 

2 

48 

21.60 

(i 

45 

26.32 

3 

774                        15.65     1 

787     1895  Jan.      2.74 

3 

50 

1889  Jan. 

22.76 

3 

47 

Dec.      1.34 

2 

The  mean  residuals  for  1894  are 

59 

June 

19.66 

5 

49 

1889  Jan.      1.36 

4 

Epoch  Minimum  773     0  — C  — 0''.070     Weight  55. 

• 

60 
61 

July 

5.92 
23.32 

2 

50 

60 

18.13 
June  29.31 

1 
3 

7437.     X  Cyi/ni. 

63 

Aug. 

23.94 

6 

61 

July  15.71 

3 

Before  the    announced  variability  of   this    star   by 

Dr. 

65 

Sept. 

25.19 

1 

62 

Aug.     1.05 

1 

Chandlek  in  1886  he  had  requested  me  to  observe  it  for 

66 
68 

Oct. 
Nov. 

12.01 
13.63 

3 

5 

63 
64 

16.21 

Sept.    3.45 

19.24 

1 
2 

the  purpose  of  confirmation.     I  began  observations  1886 

69 

Dec. 

1.47 

1 

65 

2 

November  29,  and  by  December  4  the  variability  of  the 

70 

16.67 

1 

67 

Oct.    22.59 

3 

star   had   been  fully  established.     The  observations  were 

71 

1890  Jan. 

2  08 

1 

69 

Nov.  24.79 

3 

continued  during  the  years  1886  to   1889  inclusive, 

but 

170 

1894  June 

13.40 

1 

70 

Dec.      9.90 

3 

press  of  other  work  has  prevented  until  now  the  reduction 

171 
173 

July 
Aug. 

28.72 
30.91 

5 
3 

71 

72 

1890 

26.95 
Jan.    10.94 

6 
1 

of  the  material  for  publication.     My  results  in  manusei 

ipt, 

174 

16.77 

3 

170 

1894  June    6.21 

5 

however,  had  been  furnished  ]Mr.  Yendell  for  an  inv( 

jsti- 

175 

Sept. 

2.65 

2 

171 

22.73 

4 

gation  he  was  engaged  in  regarding  some  peculiarities  in 

176 

18.43 

3 

172 

July     9.22 

4 

the  light  fluctuations  which  he  suspected  to  exist.     These 

177 

Oct. 

5.03 

3 

173 

25.00 

4 

results,  together  with  those  obtained  during  the  year  1894, 

178 
179 

Nov. 

21.37 
6.52 

3 
3 

174 
175 

Aug.  11.02 
26.71 

4 
0 

and  given  below,  are  for  the  iirst  time  published.     A  mean 

180 

22.50 

4 

177 

Sept.  28.41 

7 

light-C'urve  was  formed  from  the  237  observations  obtained 

181 

Dec. 

9.12 

178 

Oct.    14.63 

9 

previous  to  1894,  using  Dr.  Chandlek'.s   latest   elements 

182 

25.51 

4 

179 

31.61 

7 

given  in  his  Second  Catalogue.     A  comparison  of  my  ob- 
servations with   these   elements   given   below  indicates   a 

183 
184 

1895  Jan. 

11.25 
27.49 

1 
2 

ISO 
181 
182 

Nov.     1.61 

Dec.     5.12 

19.53 

6 
6 

i 

correction  of  —  0''.0029  to  the  period,  and  —  0''.25  to 

the 

183 

1895 

Jan.     4.89 

4 

epoch  of  maximum.     The  rij 

>e  from  minimum  as  shown  by 

184 

22.26 

4 
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The  meun  ve;ii-lv  residuals  are  as  follows  : 


ilAXnUM. 


MlXlMIM 


Y.'ar 

Epoch 

0— C 

wt. 

Year 

Epoch 

O-C 

wt. 

18S7 

IS 

-0.077 

.-.4 

1SS7 

19 

+  0.623 

(53 

ISS.S 

42 

+(t.or.(; 

32 

1SS8 

43 

+  0.r.30 

29 

1SS9 

Co 

-O.'JOO 

27 

18S9 

66 

+  0.1  ss 

28 

1S!)4 

177 

-o.7or> 

40 

1894 

177 

+  0.003 

77 

E. 


OnSKRVED   M.\XIM.\ 

Boston  M.T. 


229      ISSS  Auu'.    1  J.  1 2 


Mean      76 


-0.231      38 


+  0.336       49 


7483.  T  Vulpei-ulae. 
From  my  observations,  418  in  number,  of  this  star,  ex- 
tending from  1887  May  14  to  1895  January  17,  the  follow- 
ing times  of  maxima  and  miiiima  have  been  determined, 
using  the  elements  published  in  Dr.  Cii.vxdi.kk's  Second 
Catalogue ;  this  list  being  a  continuation  of  the  one  i)ub- 
lished  in  no.  169  of  the  A.J. 


(~>liSEl!VEI>  M 

Boston  M 


132 
133 
135 
136 
138 
139 
140 
142 
145 
146 
147 
149 
151 
152 
154 
156 
160 
161 
164 
1 65 
1C.6 
167 
168 
169 
171 
172 
174 
175 
176 
179 
180 
181 
182 
214 
215 
216 
220 
221 
2'<2 
226 
228 


AXIM.\ 

.T.  Wt.  E. 

1887  June  12121  1  126 

15.6;»  1  128 

24.77  2  i;!2 

2S.S<)  2  133 

July  8.02  2  i;!4 

12.4.5  2  136 

15.92  1  140 

25.71  1  141 

Aug.  8.01  2  147 

12.49  2  148 

1(;.92  2  152 

2.-..72  1  153 

3.27  1  154 

8.25  2  155 

Ki.Ol  2  156 

25.70  1  159 

1.;.49  1  100 

18.34  1  161 

31.25  1  163 

4.50  1  1()4 

9.01  1  165 

13.57  1  166 

18.0S  1  167 

22.55  1  1  (;8 

1.30  I  169 
5.75  2  172 

14.41  1  174 

18.98  1  175 

2:5.42  1  176 

5.73  1  179 

10.20  1  181 

14..59  1  215 

18.60  1  218 

9.31  1  219 
13.4;!  1  220 
17.05  1  221 

5.12  1  222 

10.12  1   i   226 

14.43  1   I   227 

1.38  2      I      229 

10.40  1  232 


Observed  Xixni.v 

Boston  JI.T.  wt. 


Sept. 

Oct. 
Nov. 

Dec. 

1888  Jan. 

June 
Jidy 

AUL'. 


1887  May 
June 

July 
Aug. 
Sept. 

Oct. 

Nov. 

Dec. 

1888  Jan. 
June 

July 


Auu 


14.20 
23.44 

9.17 
13.41 
1S.8() 
27.73 
14.40 
20.07 
10.13 
20.10 

6.74 
11.50 
15.83 
19.(!8 
24.77 

7.73 
12.42 
16.72 
24.70 
29.90 

3.61 

7.77 
13.22 
16.S7 
21.00 

3.99 
13.37 
17.55 
22.05 

3.90 
12.90 
12.56 
25.36 
30.17 

4.15 

8.55 
12.95 
30.99 

4.38 
13.17 
26.38 


233 
234 
238 
239 
240 
245 
247 
248 
254 
258 
259 
260 
261 
301 
305 
307 
309 
313 
319 
320 
321 
324 
325 
326 
327 
332 
333 


Oct. 

Nov. 

Dec. 

18S9  Jan. 


Sei)t.  2. OS 

5.60 

23.32 

28.12 

2.39 

24.74 

2..3S 

(i.99 

3.22 

21.30 

25.54 

30.26 

3.5(! 


June  30.15 

July  17.48 
26.43 

Aug.  4.39 
22.07 

Sept.  18.11 
22.29 
27.03 
10.26 
14.(;i 
18.75 


Oct. 


N( 


14.45 
19.05 


E. 

338 
341 
342 
5()5 

r>m 

567 
568 
569 
571 
572 
574 
577 
578 
580 
581 
585 
586 
632 
633 
635 
636 
()38 
6S9 
641 
642 
644 
645 
646 


OnsEKVEn  M 
Boston  M 

1889  Dec. 


1S92  Seijt. 

Oct. 
Nov. 

Dec. 
1893  Jidy 

Aug. 

Sept. 


VXIM.V 

T. 

a 

11.22 

24.22 

28.72 

12.79  . 

17.46 

21.73 

26.49 

30.53 

10.09 

14.11 

22.90 

5.21 

9.98 

18.22 

23.27 

10.50 

15.49 

7.(;i 

1 1 .63 

20.53 

24.60 

2.61 

7.34 

16.01 

20.43 

28. S4 

2.74 

7.18 


wt. 

1 
1 
1 
1 
1 
1 

2 
•> 


OnSERVEI)    Ml.Nl.M.V 

E.  Boston  .M.T. 

<i 

233  1888  Aug.  31.33 

236  Sept.  13.3.') 

239  26.73 

240  30.(;9 
242  Oct.  9.95 
247  31.80 
254  Dec.  2.11 
258  19.S7 
2.->9  24.:;  1 
2(;o  2S.27 
261  1889  Jan.  1.91 
265  l'.).:i;i 

299  June  19.8S 

300  23.83 

301  28.77 
303  July  7.6(; 
;?05  1C'.3'.) 
:;07  25.13 
314  Aug.  24.:!4 

:;i5  :5o.25 

319  Sept.  1C..57 

326  (Jet.    17.-14 

327  22.42 
;J33  Nov.  17.89 
3:^4  21.92 
341  Dec.  22.:!9 
?,\2  27.19 
34:5  31. 2S 
345  1890  Jan.   9.65 

Ol!SERVKI>    JIlNIMA 

E.  Boston  M.T. 


565 
566 
567 
568 
569 
570 
572 
574 
576 
578 
581 
584 
585 
587 
588 
631 
632 
633 
635 
636 
639 
()40 
641 
646 
()47 
651 
652 
653 


1889  Sept. 


Oct. 


Nov. 


Dec. 


1893  July 


An- 


Sept. 


Oct. 


12 
1 6, 
21 
24. 
29 

:5, 

13 
22 
30 

8. 
21 

4, 

9. 
18. 
'*2 

1. 

5. 
10. 
19. 
24. 

5. 
10. 
14. 

5. 
10. 
29. 

o 

8. 


39 

87 
66 
59 
,15 


J  f 

31 
.36 

,S7 
,25 
,24 
25 
41 
(!2 
30 
S2 
.3S 

7<; 
4r. 

41 

9;; 

62 
54 
68 
30 


wt. 
'< 

1 
1 

1 
2 

3 

2 

1 
•> 

1 

1 

1 


1 

2 

1 
1 
2 

1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

1 
'> 

1 

2 

1 

1 
1 
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Observed  Maxima 

OiiSBKVED  Minima 

C 

liSEKVED   MaXI.MA 

Oli.SERVED    Ml.NIMA 

E. 

Boston  M.T.          wl. 

E. 

liostoii  M.T. 

wt. 

E. 

lioston  M.T. 

wt. 

E. 

Boston  M.T.         wt. 

(547 

1X93  S.'pt 

11. 7S     3 

654 

1893  Oct.     1 1'.'32 

•  > 

730 

IS'.)I  Oct,     11.28 

•  J 

733 

1894  Sept.  26!6S     1 

(548 

1(;.31      1 

655 

15.9(; 

1 

i''ii 

1  5.,S3 

3 

734 

Oct.      1.68     1 

t!o2 

Oct. 

4.0S     1 

058 

29.67 

1 

738 

20.20 

1 

735 

6.49     1 

653 

8.42     1 

059 

Xov.     ;!.42 

1 

740 

29.48 

1 

736 

10.10     2 

(!r)4 

12.,-|i>     1 

(>0(l 

0.77 

•) 

741 

Nov.     2.5(; 

2 

737 

14.31     1 

(ir.o 

17.49      1 

001 

11.25 

<> 

742 

7.49 

1 

738 

19.62     2 

6o8 

30.97     2 

(;02 

15.25 

1 

743 

11.59 

2 

739 

23.71     1 

039 

Xov. 

3.95     1 

0()4 

24.63 

1 

744 

16.20 

<> 

■     740 

27.89     3 

GCO 

8.93     1 

(;o5 

29.33 

1 

745 

20.2() 

1 

741 

Nov.     1.20     2 

(UU 

20.48     1 

006 

Dec.     3.69 

2 

740 

25.25 

1 

742 

5.69     2 

(UJo 

30.04     1 

0(!7 

7.34 

<> 

747 

29.23 

1 

743 

11.22     1 

(ul 

Dec. 

27.41     2 

()08 

12.05 

3 

748 

Dec.      3.72 

•> 

745 

19.25     1 

(;72 

31.04     1 

009 

17.65 

1 

750 

12.58 

1 

746 

23.22     1 

7(l(i 

1S94  May 

31.28     1 

071 

25.65 

3 

751 

17.49 

1 

747 

28.17     2 

707 

June 

4.74     2 

672 

30.44 

1 

752 

21.46 

2 

748 

Dec.      1.71     1 

709 

13.64     1 

673 

1894  Jan.     2.47 

•* 

7.")  .3 

25.84 

*> 

749 

6.35     2 

711 

22.(19     1 

074 

7.75 

') 

754 

30.25 

1 

750 

10.90     1 

712 

20.7.-.     1 

707 

June    3.44 

1 

755 

1895  Jan,      3.92 

2 

751 

15.63     1 

713 

July 

1.59     2 

708, 

8.48 

1 

758 

17.47 

1 

752 

19.72     3 

714 

5.77      1 

711 

21.39 

o 

753 

.24.49     1 

719 

28.08     1 

712 

25.42 

1 

754 

29.24     1 

720 

721 

Aug. 

1.63     1 
6.02     3 

713 
714 

29.84 
July     4.38 

1 

1 

The  mean  yearly  residuals 

are  given  in  the  table  jjelow. 

722 

10.52     2 

715 

8.81 

•> 

Maxim  I  ji 

Minimi:  M 

724 

19.31     2 

718 

23.13 

1 

Year 

Epoch        O— C 

wt. 

Year 

Epocli         O — ('        wt. 

72o 
72(; 
728 
729 
731 
732 
733 
734 

Se]it. 
Oct. 

23.47     2 
28.03     3 

0.28     1 
11.07     2 
19.29     1 
23.79     3 
28.36     3 

2.70     1 

719 
720 
721 
724 
725 
726 
727 
729 

26.82 
;!1.07 

Aug.     4.59 
18.09 
22.48 
26.42 

Sept.    1.13 
9.31 

o 

1 
1 

o 

2 

1 
1 

1887 
1888 
1889 
1892 
1893 
1894 

158.0      -0'.'036 
230.5      —0.025 
322.5     -0.082 
574.0     -0.145 
649.5     -0.228 
733.5     -0.274 

40 
27 
19 
22 
.3.3 
65 

1887 
1888 
1889 
1892 
1893 
1894 

156.0      -0.158     43 
237.0     -0.178     30 
321.0     -0.230     22 
575.5     -0.105     18 
6.54.5     -0.365     44 
732.5     -0.297     55 

Mean 

445.5     -0.132 

34 

1 

446.0     -0.222     35 

735 

7.11     2 

732 

22.93 

2 

Brighton,  Mass.,  1896  Feb.  ~. 

FINDING  EPHEMERTS  FOR   COMET  1889  V 

(I!  HOOKS), 

(Continue<l  from  page  31,). 

By   CIIAULES    LANE    POOR 

Gr.  M.T. 

App.  a 

App.  S 

log.  A 

Br. 

iii:  M.T. 

App.  a 

App.  8 

log.  A 

Br. 

ISMi 

h        in           3 

3       '       // 

lax. 

ll           111               s 

-      o           -           rf 

May  12.5 

21  42     3.6 

-20  54  34 

0.334  79 

0.33 

June    9.5 

22  15  46.8 

-19      1     3 

16.5 

47  29.3 

-20  35  54 

13.5 

19  51.3 

-18  49     4 

0.226  02 

0.61 

20.5 

52  44.5 

-20  17  59 

0..30S  89 

0.38 

17.5 

23  28.0 

-18  .38  29 

24.5 

21  57  48.6 

-20     0  54 

21.5 

26  47.4 

-18  29  24 

0.197  26 

0.72 

28.5 

22     2  40.8 

-19  44  19 

0.282  05 

0.44 

25.5 

29  46.7 

-18  21  52 

June    1.5 

7  20.4 

-19  28  48 

29.5 

22  32  25.1 

-18  15  5S 

0.168  40 

0.84 

5.5 

11  46.1 

-19  14  20 

0.254  37 

0.53 

Johns  Hopk 

ins   University, 

]  896  3/a?/ 10. 

OBSERVED  MAXIMA   AND   ^[INIMA   OF    VARIABLE   STARS, 

By  PAUL  .S.  YEXDELL. 

been  noticed.  From  1896  January  16  to  February  12. 
the  .star  remained  very  nearly  cou.stant  in  light,  the  mean 
of  twelve  observations  made  in  tliis  interval  being  3". 80. 
A  maximum  is  indicated  on  1896  January  28.  At 
the   last   observation,    the  star's   light   had   decreased    to 


806.  o  C'l'ti. 
I  have  thirty-nine  observations  oiMini,  from  1895  Novem- 
ber 16  to  1896  March  12.  When  first  observed,  the  star's 
light  was  estimated  as  8". 8.  The  increase,  as  indicated  by 
my  observations,  was  regular,  no  fluctuations  of  an  ampli- 
tude exceeding  the  probable   errors  of  observation   having 


.1. 
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o49o.     Ji  Leon  U. 

Twentj'-eight observations  of  R  Leonis,  from  1895  Novem- 
ber 27  to  ISOtOrairh  14,  show  a  very  normal  liglit-tiirve, 
with  a  maximum  imlicatetl  on  189(i.laniiar\-  12.  at  a  mag- 
nitude of  6". 4,  at  wliich  the  star's  light  remained  sensil)ly 
stationarj'  from  January  5  to  IS.  At  tlic  last  observation 
it  had  decreased  to  ^^.b. 

I  have  also  an  incomplete  series  of  observations  of  the 
maximum  ju-eceding  the  above,  badly  broken  >i)>by  weather. 
There  are  nine  observations,  from  ISit.'i.lauuary  27  to 
Mareh  28.  Though  these  observations  show  no  niaxinmni. 
they  go  to  sliow  tliat  this  ](hase  took  place  at  a  date  not 
earlier  than  ^larch  o,  up  to  which  time  they  show  an  unin- 
terrupted increase  from  ()".9  to  o".4.  From  ^March  3  to 
^[arch  28.  no  observation  was  obtained,  but  when  ol)served 
at  the  latter  date,  the  star  was  again  found  at  .■»".4;  as  it 
seemed  certain  that  the  maximum  must  have  been  past,  I 
discontinued  the  observations.  In  view,  however,  of  the 
jiublication'  of  other   more  or  less   incompletely  observed 

Dorchester,  Mass.,  1890  March  Iti. 


maxima,  I  have  thought  tlie  foregoing  report  to  be  not  out 
of  place 

nOoo.     J{  Dracou  Is. 
Nine  observations  of  this  star,  from  1895  December  14 
to  189G  February  1,  show  a  rapid  increase  from  8". 7  to  a 
sharply  nmrked  maximum  of  0*'.4,  which  is  indicated  on 
January  19,  and  an  e(iually  rapid  decrease  to  7".l. 

77r)4.      W  Ci/ijiii. 
This   star  was  observed    twenty-fii\ii'  times,   from   l.S9o 
■\liril2;5  to  December  22.     A  luiuiiuuin  of  ()".S  is  indicated 
on  June  21.  and  a  nuixinuini  ul'  .")".7  ou  August  .'SO. 

8008.  SLucertae. 
Eleven  observations,  from  1895  December  10  to  1890  Feli- 
ruary  20,  show  a  very  well-delined  nuiximum  of  S".l  on  189(5 
January  10.  The  light  at  the  first  observation  was  8". 8, 
and  at  tlie  last  it  had  decreased  to  9". 3.  Both  increase  and 
decrease  appear  to  have  been  regular  and  steady. 


ECIJPSES   AND 

By  W.  T 

I  wish  merely  for  a  few  lines  of  the  Astr.  Journul  in 
reference  to  the  solar  eclipse  of  A.D.  .393  November  20, 
wliich  Prof.  Stockwell  tliinks  obliges  us  to  bring  the  date 
of  the  death  of  Theodosius  the  Great  to  one  year  earlier 
than  that  generally  accepted,  i.e.  A.D.  395,  in  the  montli  of 
January.  That  it  occurred  a  few  months  after  his  victory 
over  EuGE^Mus  in  the  north  of  Italy  there  is  no  doubt 
whatever.  All  the  historians  except  Zosimus  speak  of  a 
great  storm  which  occurred  during  the  battle  ;  he  only  says 
that  the  sun  was  eclipsed.  From  this,  Prof.  Stockwell 
concludes  that  the  date  was  A.D.  393,  when  the  sun  \\  as 
eclipsed  iu  November  20.  Put  the  ecclesiastical  historian 
SocKATHS  states  most  distinctly  that  the  battle  took  place 
early  iu  the  month  of  September,  iu  itself  a  much  more 
likelj-  time  for  it ;  so  that  in  all  ])rol)al)ility  Zosijirs  mis- 


CIIROXOLOGY, 

LYNN. 

took  an  account  of  a  storm  (whicli  doubtless  produced  dark- 
ness) for  one  of  an  eclipse.  Claudian  refers  to  the  storm 
in  these  lines : 

"  Te  propter  rjelidis  Aqiiilo  tie  monte  procellis 
Obruit  adversits  acies,  revolutai/ue  tela 
Vertit  in  uuctores  et  turbine  reppulit  hastas." 

It  seems  to  me,  therefore,  that  the  eclipse  was  in  the 
winter  preceding  the  last  war  of  Theodosuts,  and  that  we 
have  no  reason  for  shifting  the  date  of  his  death  from  that 
generally  accepted,  A.D.  395.  Sockates  places  it  in  Janu- 
ary ;  and  there  would  not  have  been  time  sufficient  iu  those 
days  for  the  events  whicli  he  mentions,  lietween  the  battle 
and  the  emperor's  deatli,  if  the  former  event  took  place 
late  in  Novend)er. 


FTLAK-.MICKOMETER   OBSEKYATIOXS   OF   CO^FET  c  1895    (pehrine), 

.madk  with  thk  2li-in(h  ec^l  atdui  .\  i.  of  thk  lkaxilki!  m'cokmifk  ouservatohy  uk  the  ixiveit^ity  of  viiioixia, 

By  OHMOND  stone. 


1895  Charlottesville  M.T. 

* 

No. 

C'oiiip. 

-* 

.j8 

^^'s  apparent 
a            1             8 

log  J)A 
for  a      1     for 8 

ll           III         8 

111         8 

'         n 

h       III       s 

0           '             /' 

Nov.  20     17     5  39 

1 

9 

-0  30.0 

. 

-4  24  35.4 

,         , 

0.745 

17  19  39 

2  ,  3 

25 

-0  43.25 

.    . 

14  10  45..57 

.    . 

M9.G30 

,        , 

17  39'  29 

2 

2 

.    .    . 

-hO  30.3 

-4  25  44.4 

.    . 

0.7.50 

17  59  21 

2 

30  ,  2 

-0  20.87 

-0  10.1 

14   10  .•il.42 

-4  20  24.8 

h9.590 

0.752 

27     18     0  27 

4 

20  ,  4 

+  2  51.50 

-0  44.6 

14  14  29.82 

-5  10  12.9 

«9.570 

0.759 

28     17  50  21 

5 

20  ,  4 

+  0  .39.12 

—  5  10.0 

14  IS  21.89 

—  0     8  21.0 

» It.  00(1 

0.759 

N«-37; 
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3Iean  Places  for  1S95.0  of  Comparison- Stars. 


Reil.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

)l            111          3 

14     8  59.07 

+  2J)0 

0         '          // 

-4  17  41.6 

-17.2 

Dr.  Becker,  2  observations 

o 

14  11   16.30 

+  1.99 

-4  25  57.6 

-17.1 

Dr.  Becker,  2  observations 

3 

14  11  37.36 

+  1.99 

-4  20  30.4 

-17.1 

Dr.  Becker,  2  observations 

4 

14  11   36.31 

+  2.01 

-5  15  11.2 

-17.1 

Argentine  Gen.  Catalogue 

5 

14  17  40.75 

+  2.02 

-6     2  48.1 

-16.9 

Bessel,  Zone  239 

OBSERVATIONS   OF   COMET  b  180G   (swift), 


-M.VDE    -VT   THE    VASS-\^n   COLLEGE    OUSEltV.VTOm 

, 

] 

By  Pbof. 

MARY  W.  WHITNEY  and 

CAROLINE  E.  ] 

FURNESS. 

1896  Greenwich  M.T. 

* 

No. 

#- 

-* 

i^'s  a 

]ipan'iil 

log, 

lA 

Oh.s. 

Comp. 

la. 

.j8 

a 

8 

for  a 

for  8 

ll          111        s 

m      s 

/         // 

h       in       s 

o         /         // 

April  23 

13  33     7 

1 

10    • 

+  0  35.81 

+  1  50.6 

3  27  50.22 

+  36  41  12.8 

9.714 

0.782 

F 

27 

13  58     8 

2 

10 

+  0  38.92 

-4  15.2 

3  14     8.54 

+  46  14     2.4 

9.725 

0.826 

F 

29 

15     2  40 

3 

8 

+  2     2.06 

-7  45.2 

3     5     3.52 

+  50  24  29.5 

9.609 

0.89(! 

F 

30 

14  11  46 

4 

5 

+  2  42.55 

-1     5.3 

3     0  17.56 

+  52  12  20.5 

9.718 

0.965 

F 

15  12  25 

4 

5 

+  2  29.62 

+  3  13.2 

3     0     4.63 

+  52  16  39.0 

9.573 

0.906 

W 

iMay   4 

14  37  55 

5 

8 

-2  49.94 

+  6  21.2 

2  37  44.29 

+  58  30  15.1 

9.632 

0.899 

F 

5 

15  22  55 

6 

6 

-3  19.76 

-1   18.1 

2  31  19.89 

+  59  50     1.4 

9.397 

0.925 

F 

6 

14  10     2 

7 

10 

+  0  24.79 

-3  32.0 

2  25  13.81 

+  60  56  15.6 

9.686 

0.888 

W 

7 

14  31  10 

8 

8 

+  1  34.08 

+4  42.6 

2  18  32.42 

+  62     4  52.3 

9.589 

0.907 

F 

Mean  Places  for  1896.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

0         '          // 

If 

1 

3  27  14.45 

-0.04 

+  36  39  12.4 

+  9.8 

Lund  A.G.  Catal.  Zones,  2  obs. 

2 

3  13  29.97 

-0.35 

+  46  18     7.9 

+  9.7 

Deicliniuller.  Bonn  A.G.  Catal.  2784 

3 

3     3     1.95 

-0.49 

+  50  32     5.5 

+  9.2 

Rogers,  Cambridge  A.G.  Catal.  1395 

4 

2  57  35.58 

-0.57 

+  52  13  17.0 

+  8.8 

Rogers,  Cambridge  A.G.  Catal.  1367 

5 

2  40  35.15 

-0.92 

+  58  23  46.4 

+  7.5 

Krueger,  Helsingfors-Gotha  A.G.  Catal.  2515 

6 

2  34  40,09 

-1.04 

+  59  51   12.5 

+  7.0 

Krueger,  Helsingfors-Gotha  A.G.  Catal.  2438 

7 

2  24  50.19 

-1.17 

+  60  59  41.5 

+  6.1 

Krueger,  Helsingtors-Gotha  A.G.  Catal.  2302 

8 

2  16  59.61 

-1.27 

+  62     0     4.4 

+  5.3 

Krueger,  Helsingfors-Gotha  A.G.  Catal.  2205 

OBSERVATIONS    OF    COMET  b  189(3  (swift), 

M.VDE  AT  TJIE  LICK  OBSERVATOBY,  WITH  THE  IS-I-NCII  EQU.VTOIilAL, 

By  WILLIAM   J.  HUSSEY. 


1S96  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

Ja 

-* 

#'sa 
a 

pparent 

8 

log  pA 
for  a      1     for  8 

ll         III         s 

April  27     8  24  54 

.•JO     8  49  23 

May     2     9  22  49 

9  .34  13 

4 
5 
6 
6 

d  7,12 
9,6 
6 
dlO 

ni       s 

+  0  39.84 
+  1  24..30 

-0     4.79 

+3  55.8 
+  6  37.6 
+  1  43.4 

h       III       s 

3  13  42.85 
2  59  4.3.14 

2  48  46.21 

+  46°  28'  14''7 
+  52  24  51.8 
+  55  47  11.9 

9.793 
9.786 

9.699 

0.759 
0.818 
0.871 

Mean  Places  for  1896.0  of  Comparison-  Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

4 
5 
6 

h        111       s 

3  13     3.33 
2  58  19.41 
2  48  51.75 

-0.32 
-0.57 
-0.75 

+46°  24     9*2           +9.7 
+52  18     5.3           +8.9 
+  55  45  20.3           +8.2 

Deichniiiller,  Bonn  A.G.  Catal.  2775 
Rogers,  Cambridge  A  G.  Catal.  1368 
Krueger,  Helsingfors-Gotlia  A.G.  Catal.  2628 

Notes,  d  denotes  that  Ja  was  measured  directly  with  the  micro- 
meter. Except  on  April  30,  clouds  interfered  more  or  less  with  the 
measures.     On  April  30,  the  comet  was  seen  to  have  a  slender  tail. 


about  li°  long,  proceeding  from  the  central  part  of  the  coma,  and 
closely  resembling  the  tail  of  Gale's  comet,  1894  II. 
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OBSEKYATTONS  OF   COMET  b  189(5   on  //./). 

.M.VDK    AT   THE    LKK   OUSEH VATOUY, 

By  R.  G.  AITKEK. 


ISOOMt.  llaiiiilton  .M.'l". 


N<i. 
(ipiiiii. 


Ja 


/8 


»^'s  appaiiMit 
a  I  8 


April  19     7  56  59         1  S  ,  3 

20     7  47  28   I      2      |     7  , 6 


-31.61 
-   6.13 


+  4  52.7 
-6  20.6 


3  35  42.00 
3  34  11.93 


+  20  19  26.3 
+  29     0  53.6 


log  t,\ 
for  a  for  S 


9.718 

9.730' 


0.702 
0.684 


Mean  Places  for  1S9G.0  of  ComparisoH- Stars. 


The  measures  on  l)Oth  nights  were  niaile  through  fog  and  necessarily  at  great  Imur-angles. 


i:rilE3IEKIS   OF   Y 
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23 
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("i  Librae 

{/Cepliei 

25 

t/Opliiuclii 

('(Lil)rau 

26 

rCygni 

U  Coroiiae 
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27 
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28 
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L'' Coroiiae 

29 

Y  Cyi,'iii 

S  Cancri 

31 
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13 
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16 
21 
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12 
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17 
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10 
16 
12 
23 
21 


June 
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rCygni 

(^  Librae 

f/Corouae 

rOpliiuclii 

JJCfpliei 

rCyj^'ui 

L'^Ophiufhi 

U  Coroiiae 

S  Librae 

COphiiiolii 

^''Ophiuchi 

I'Cy.uni 

(/Cepliei 

S  Cancri 


By 


12 

20 
10 
10 
16 
12 
IS 
21 
12 
15 
11 
12 
15 
11 


VRIABLES   OF   TIIF   ALGOL-TYPE, 

Greenwich  Mean  Time, 
PAUL    .s.     YENDELL. 
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8 

8  Librae 

10 

rCygui 

f7(tl)liiuclii 

11 

C/Opliiurlii 

12 

U  (lijliiuclii 

C/Ce))hei 

^  Coronae 

13 

(V  Jjibrae 

l'Cvi;iii 

15 

A  Librae 

L^'Ophiuclii 

16 

yCvgiii 
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17 
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ll 
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19 
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15 
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12 
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20 
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16 
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17 

U  Cephei 

,S' Cancri 

19 

rCysni 

(7  Coronae 

20 

li  Librae 

21 

(/OphiiU'lii 

•>•> 

yCygiii 

(/Opliiuchi 

C7  Cephei 

d  Librae 

23 

C/'Ophiucbi 

25 

FCygni 

26 

^''Coroiiae 

fOphiuchi 

14 
23 
12 
16 
11 
17 
12 
13 
14 
19 
10 
12 
14 
18 


June 


* 

a 

Rfil.  to 
app.  place 

tv                        Keil.  to                                                .    .,      .. 
8                    app.  place                                          Authority 

1 

o 
3 

tl          111         8 

3  36  13.49 
3  34  17.96 
3  34  54.97 

+  0.12 
+  0.10 
+  0.10 

+  26  14  24.9 
+  29     7     5.1 
+  29  10  17.9 

+  8.7 
+  9.1 
+  9.1 

Paris  III,  4351 

i\licroiueter-coiiiiiari.soii  willi  (3) 
I'aris  III,  4329 

27 

S  Cancri 

10 

a  Librae 

11 

L' Opliiuchi 

14 

t/ Cephei 

14 

28 

C/'Ophiuchi 

I'Cvgni 

10 

11 

29 

d  Librae 

19 

Jiilj 
1 

rCygiii 
f/Ophiuchi 

11 

18 

2 

C'' Cephei 
{'0]ihiiiclii 

13 
15 

3 

(7Uphiiu-hi 

11 

NEW   ASTEROID. 

The  position  of  another  small  phuiet,  found  by  Mv.  Cm  aki.hi.s  upon  a  photograph  taken  by  him  at  Xiee.  has  been  com- 
municated by  Prof.  KiiEUTZ. 
CS.     12"     1896  May  4,     W^  7'".0  Nice  M.T.     a  =  14''  1'"  48%     8  =  —3°  4'.     Daily  motion  -64- and  3' southward. 


CORRIGENDUM. 


The  observations  of  Mimas  published  in  no.  ,'!74,  page  109,  were  niai 
as  there  printed,  in  the  title  and  in  the  contents. 


by  Dr.  H  (_).  LovKTT,  and  ncit  b\'  I'rof.  Stoxe 


CONTEXTS. 

OiiSKUVATiKXs  OK  Vauiaiu-b  Stahs  OK  Shout  Pkkiod,  ny  Mil.  Ki>win  F.  Sawykh. 

FiNUiXG  EriiEMKiilS  KOK  CoMET  18S!)  V  (Hrooks),  hy  Dk.  Ciiaui.es  Lank  Pook. 

OiiSEiiVKD  Maxima  and  Minima  ok  Variable  Siaus,  hy  Mk.  Paul  S.  Yendkm..  "  ■^- 

ECI.II'.SES    ANIi   ClIUONOl.OOY.    ItV    Mr     W.    T.    LyNN. 

FiLAR-MlCROMETKR   OlJSKRVATIOSS   OK   COMET  C  189.5  (PeRUINK).    BY    PUOK.  OrMONI)    StONE. 

OiiSEUVATioNS  OK  Comet /)  1890  (Swift),  by  Prok.  Mary  W.   Whitney  and  Miss  Caroline  E.  Furness. 

Observaitons  ok  Comet  h  189G  (Swikt),  by  Prok.  William  J.   Hossey. 

(insERVATioNs  OK  Comet  b  1896  (Swift),  by  Mr.  U.  (i.   .Aitken. 

EriiEMKRis  OK.  Variables  ok  the  Algol-Tyi>e.  by  Mr.  Pail  S.  Yendell. 
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ON  CERTAIIN^ 


SYSTEMATIC   ERRORS    IN    THE    RIGHT-ASCENSIONS    OF    THE 
FUNDAMENTAL   STARS, 

By  GEORGE   C.  COMSTOCK. 


The  conclusion.s  reached  by  I'rofessor  Newcomb  iu  the 
paper  entitled  "Oil  the  Variation  of  Personal  Equation 
with  the  Magnitude  of  the  Star  Observed,"  Astr.  Journal, 
no.  369,  find  an  interesting  colilirmation  in  the  observa- 
tions made  at  the  Washburn  Observatory  with  my  modi- 
tied  form  of  the  Loewy  prism  apparatus.  A  detailed 
description  of  the  instrument  and  the  methods  of  employ- 
ing it  are  contained  in  Vol.  IX  of  the  Publications  of  thp 
Washburn  Observatory,  now  nearly  ready"  for  distribution, 
and  referring  to  that  work  for  details  I  need  state  here 
only  that  the  instrument  furnishes  measurements  of  the 
angular  distance  between  stars  approximately  120°  apart. 
It  is  therefcft-e  analogous  to  the  heliometer  with  reference 
to  the  kind  of  data  which  it  furnishes,  and  shares  with  the 
latter  the  great  advantage  that  its  results  depend  solely 
upon  micrometric  observations  of  stars  simultaneoirsly 
seen  in  the  field  of  the  telescope. 

A  comparison  of  the  measured  distances  with  those  com- 
puted from  the  tabular  coordinates  of  the  stars  may  be 
employed  as  a  test  of  the  presence  of  systematic  errors  in 
these  coordinates,  and  the  following  lines  relative  to  such 
an  error  depending  upon  the  magnitudes  of  the  stars  were 
in  print  as  a  part  of  the  Vol.  IX  above  referred  to,  several 
weeks  before  the  receipt  of  Professor  NEwrOMB's  paper. 

"  In  'A  Determination  of  the  Solar  Parallax  from  Obser- 
vations of  liars,  made  at  the  Island  of  Ascension  in  1877, 
by  David  Gill,  LL.D.,'  the  author  bases  upon  a  comp)arison 
of  his  heliometer  observations  of  stars  with  meridian 
determinations  of  their  places  the  conclusion  that,  in  gen- 
eral, chronograjihic  determinations  of  the  right-ascensions 
of  faint  stars  make  these  right-ascensions  relatively  greater 
than  those  of  brighter  stars ;  loc.  cit.,  p.  78. 

"It  is  apparent,  that  if  this  conclusion  is  well  founded, 
the  computed  distance  separating  a  pair  of  stars  of  different 
magnitudes  will  in  general  be  greater  than  the  true  dis- 
tance if  the  brighter  star  precedes  the  fainter  star,  and  will 
be  less  than  the  true  distance  if  the  jirecediug  star  is 
fainter  than  the  following  one.     I  have  therefore,  at  Dr. 


Gill's  suggestion,  examined  the  observations  made  with 
the  reel  to  determine  whether  any  effect  of  difference 
of  stellar  magnitude  is  shown  in  the  comparison  of  the 
measured  and  computed  distances.  For  this  purpose  I 
have  employed  the  thirty-eight  residuals,  r,  of  the  table  at 
p.  181,  arranged  in  the  order  of  difference  of  stellar  magni- 
tude of  the  stars  composing  a  pair,  this  difference  being 
considered  positive  when  the  brighter  star  precedes  the 
fainter. 

"  Giving  equal  weight  to  the  result  from  each  pair  of  stars, 
and  taking  the  mean  of  groups  of  consecutive  values,  we 
obtain  the  following  mean  results,  in  which  a  positive 
sign  for  (•  indicates  an  excess. of  the  computed  over  the 
observed  value.  M  denotes  the  mean  difference  of  magni- 
tude, 111  the  number  of  pairs,  and  7i  the  number  of  obser- 
vations in  each  mean  value  of  v. 


M 

in 

n 

V 

2  2 

S 

162 

-0.25 

-0.8 

7 

169 

-0.09 

0.0 

8 

176 

-0.01 

+  0.4 

7 

118 

+  0.09 

+  1.7 

8 

130 

+  0.26 

"The  numbers  in  this  table  appear  to  me  to  confirm  Dr. 
Gill's  conclusion  that  the  right-ascensions  of  the  fainter 
stars  are  too  great ;  and  from  a  graphical  adjustment  of  the 
data  I  find  that  between  the  second  and  seventh  magni- 
tudes this  excess  amounts  to  0".14  =  0».009  per  magnitude, 
for  the  right-ascensions  here  employed.  Cf.  the  Cape  Cata- 
logue, 1885,  p.  xiv." 

The  residuals,  r,  above  referred  to,  are  the  combined 
results  of  the  comparison  of  about  800  observations  of  38 
pairs  of  stars,  with  tabular  coordinates  derived  from  the 
ephemerides  and  twenty  of  the  principal  modern  catalogues, 
reduced  to  the  system  of  the  Bei-Uner  Jnhrhuch.  In  re- 
spect of  precision  the  adopted  right-ascensions  may  be 
classed  with   those  of  the  best  determined  Hauptster7ie, 
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since  according  to  Dr.  Auweks  the  probable  error  of  the 
latter,  for  tlie  epoch  of  the  observations  in  question,  is 
±0».014",  Asti:  Xarfi. ,^0.  2714,  while  the  discussion  of  my 
own  observations  furnishes  as  the  probable  error  of  a  single 
right-ascension,  ±0'.013.  The  conijiarison  of  these  right- 
ascensions  with  micronietric  observations  confirms  (jiuuiti- 
tatively,  and  to  a  remarkable  degree  of  approximation,  the 
results  of  i*rof.  Xewcomb  and  Dr.  Gill. 

After  the  adopted  right-ascensions  had  been  corrected 
for  the  effect  of  magnitude,  as  above  determined,  a  com- 
parison of  the  computed  and  observed  distances  appeared 
to  indicate  some  periodic  variation  depending  upon  the 
right-ascensions  of  the  stars,  and  tliis  variation  became 
much  more  conspicuous  and  unmistakable  when  the  sys- 
tems of  right-ascension  of  the  Nautical  Almanac  and  tlie 
Coinidissu/ice  rfcf  Temps  were  .substituted  for  that  of  the 
Berliner  Jahrbuch.  The  right-ascensions  of  the  American 
Ephemeris  differ  so  little  from  those  of  the  Berh'ner  Jithr- 
liin-h  that  no  sei)arate  comparison  was  made  with  it. 

The  stars  observed  with  the  ju'lsm-apparatus  were  so 
near  the  equator  that  errors  in  the  tabular  declinations  will 
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produce  no  sensible  effect  upon  the  computed  distances, 
and  I  therefore  assume  that  the  only  effect  upon  the  values 
of  C  — O  whicli  is  to  be  attributed  to  the  tabular  i)laces  of 
the  stars  arises  from  errors  in  their  right-ascensions  having 
the  form, 

,1(1  =  a  sin«  +  I)  con  a  +  e  sin2rt  +  d  cos2« 

The  effect  of  such  errors  is  to  produce  in  the  coiiii)Uted 
distances  errors  represented  by  the  series  of  terms, 

JD  =  A  sin  «(,  +  B  cosk^,  +    Csin2u^  +  D  cos2«„ 
where  a^  re]>resents  the  half  sum  of  the  right-ascensions  of 
the  stars  which  determine  tlie  arc  1)  and  the  several  co- 
efficients have  the  following  values : 
.1=  +^Zb  ,  B  =  -V3"  ,    C  =  +V3</,  D  =  -V3'' 

Each  of  the  38  pairs  of  stars  furnishes  a  residual, 
V  =  C  — 0  for  the  determination  of  the  coefficients  .(,  B, 
C,  D,  and  a  filth  quantity  K,  a  constant  ditference  between 
the  measured  and  computed  distances,  and  referring  to 
Vol.  IX  for  the  individual  observations  and  the  derivation 
of  the  adopted  coordinates  of  the  stars,  I  give  here  the 
resulting  equations  for  the  determination  of  the  five  un- 
known quantities. 

.32^  +0.947^  +0.62  C  +0.79X»  =  +0.70 

.70  +   .72  +1.00       +   .03  =  +   .62 

.98  +   .21  +   .42       -   .91  =  +   .28 

.99  +   .11  +   .22       -   .98  =  -   .58 

.00  +   .03  +   .05       -1.00  =  +   .48 


+ 


+ 
+ 
+ 
+ 
+ 


.99  -   .16  -   .31 

.97  _   .24  -   .47 

.92  -  .39  -    '^'^ 

.90  _   .43  - 

.85  -   .54  - 


.84  -   .55 

.74  —   .67 

.65  —   .75 

.61  -   .79 


-  .95 

-  .88 

-  .70 

-  .63 

-  .43 

-  .39 

-  .in 
+  .14 
+  .26 


-1 


.1. 

.78 

.90 

-  .92 
-1.00 

-  .99 

-  .96 
.40  -  .92  -  .73 
.32  -  .94  -  .62 
.27  -  .96  -  .51 
.31  -  .95  +  .59 
.40  -  .91  +  .73 
.56       _   .83       +   .93 

+   .96       -   .27         = 
+   .38       -   .93         = 

-  .20       -  .98         = 

-  .29       -   .95         = 
_   .48       -   .87         = 

.95  +  .29  -  .56  -  .83  = 
.95  +  .31  -  .60  -  .80  = 
.93  +  .36  -  .67  -  .74  = 
.86       +   .51       -  .88       -   .48         = 


=  +  .50 

=  +  .23 

=  +  .11 

=  -  .34 

=  +  .33 

=  -  .41 

=  -  .33 

=  -  .06 


+  .68  =  - 

+  .79  =  - 

+  .86  =  - 

+  .81  =  - 

+  .68  =  - 

+  .37  =  + 


.80 

— 

.61 

.98 



.19 

.00 

+ 

.10 

.99 

+ 

.15 

.97 

+ 

.25 

.13 
.46 
.67 
.11 
.69 
.62 
.37 
.46 


.85 

+ 

.53 

-  .90 

.76 

+ 

.65 

-   .99 

.67 

+ 

.74 

-1.00 

.63 

+ 

.78 

-   .98 

.60 

+ 

.81 

-   .95 

.34 

+ 

.94 

-  .64 

27 

+ 

.96 

-   .52 

.18 

+ 

.98 

-   .36 

K  -  .12      +   .99 


.:io 


+  .16 
+   .14 

-  .36 
-1.02 

-  .29 

-  .44 

-  .43         =      -   .41 

-  .15  =  +  .27 
+  .10  =  -  .36 
+  .20  =  +  .22 
+  .29  =  +  .98 
+  .77  =  +  .10 
+  .85  =  +  .06 
+  .93  =  +  .33 
+   .97         =      -   .34 
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Giving  to  each  e(iuati()U  unit  weiglit,  and  fonuiiig  normal 
equations  in  the  customary  manner,  1  derive  from  the  lat- 
ter tlie  following 

Elimination  Equations. 

.•;8.0(iA"-   1.67.4  +   0.53  li  -13.28  C  -  4.88  Z>  =  -l.'lS 

21.37.4  -   6.03 /.'  -   0.13  r  -  0.45  Z)  =  +2.54 

14.42 ii  -   1.73  C  +   0.OG7)  =  +4.06 

14.50  C  +   0.83 />  =  +2.01 

17.89  i»  =  -0.04 

These  equations  furnish  the  values : 

K  =  +0".02   ±0".05 

A=  +o"21  ±o"o6         C  =  +o"l4  ±o!o7 

B=  +0.30  ±0.07         Z)  =      0.00  ±0.07 

and   //«  =  +0^014  sin(«  +  145'')    +0\005  sin(2«  +  90°) 

±0'.003  ±1:3°          ±0«.O03                   ±29° 


The  value  of  .ht.  liere  given  is  the  correction  wliich  must 
be  applied  to  tlie  right-ascensions  of  the  Berliner  Julirhuch, 
in  order  to  remove  from  the  differences  between  computa- 
tion and  observation  the  systematic  variations  depending 
upon  a  which  they  present.  By  the  introduction  of  tliese 
corrections  the  sum  of  tlie  squares  of  the  residuals  is  re- 
duced from  7".48  to  5".63. 

The  excellence  of  the  method  here  employed  for  deter- 
mining tlie  periodic  errors  of  the  right-ascensions  is  some- 
what impaired  in  the  present  case  by  the  small  number  of 
right-ascensions,  69  stars,  involved,  but  despite  this  small 
number  the  results  appear  to  me  worthy  of  some  consider- 
able measure  of  confidence. 

Jl/adison,  1896  April  10. 


THE    SECULAR    PERTURBATIONS    OF    MERCURY   ARISING    FROM    THE 

ACTION    OF    THE    EARTH, 

By  eric   DOOLITTLE. 

The  elements  which  have  been  used  in  the  following 
computation  are  those  given  in  ])r.  G.  AV.  Hill's  "New 
Theorii  of  Jupiter  and  Saturn  "  : 


Mereuri/ 


Earth 


IT 

=  75  7  13.62 

71-'  = 

100  21  39.73 

i 

=  70  7.71 

/'  = 

0  0  0.00 

9. 

=  46  33  8.63 

9.'   = 

- 

e 

=  0.205()0476 

e'   = 

0.01677114 

n 

=  5381016".26 

»'  = 

1295977".416 

log  a 

=  9.5878217 

log'v'  = 

0.0000000 

in 

—  jiJinriToTf 

lu'   = 

355  5 (To 

Epoch  1850.0,  Greenwich  Mean  Time. 

The  method  employed  is  that  which  is  fully  developed 
in  the  first  part  of  Hill's  memoir  on  "  Gauss'  Method  of 
Coinputinri  Secular  Perturbations,"  (Astronomical  Papers 
prepared  for  the  itse  of  the  American  Ephemei'is,  Vol.  I, 
1882).  In  this  method,  the  formulas  exiiressing  the  secit- 
lar  variations  of  any  element  involve,  instead  of  an  infinite 
series,  a  complex  double  integral  which  dep)ends  upon 
elliptic  integrals  of  the  first  and  second  kinds.  The  first 
integration  is  rigorously  eifected ;  the  second  is  ajaproxi- 
mated  to  by  quadrature,  the  most  convenient  method  being 
to  make  the  integration  with  regard  to  the  eccentric  anomaly 


of  the  disturbed  planet,  the  mean  of  a  greater  or  less  num- 
ber of  values  being  taken  according  as  the  orbit  is  more  or 
less  eccentric. 

Tables  for  the  computation  of  the  first  integral  are  given 
in  Hill's  memoir.  In  an  appendix  to  the  work,  he  has 
suggested  certain  alterations  which  may  be  made  in  tlie 
formulas  to  advantage,  but  which  require  the  computation 
of  auxiliary  tables  differing  from  those  which  life  has  given. 
This  method  has  been  extended  and  tables  computed  liy 
M.  Callandreau  (Annal.es  de  V  Ohserrutoire  de  Paris. 
Tome  XVIII,  1885).  It  has  not,  however,  been  employed 
in  the  following  computation. 

Using  the  notation  of  Hill,  there  are  first  obtained  the 
following  constants : 


\o^k  =  9.9978879 
log  /.•'  =  9.99SS719 
logc    =  6.4491252 
c    =  0.00028127 


The  circumference  of  Mercury's  orbit  is  then  divided  into 
twelve  parts  with  respect  to  the  eccentric  anomalj^  and  the 
values  of  the  quantities  employed  in  the  computation  de- 
termined for  each  point  of  division.  The  results  are  given 
in  the  following  table  : 


/ 

= 

7  0 

7.71 

TT 

= 

208  34 

4.99 

tt' 

= 

233  48 

31.10 

K 

= 

334  57 

50.59 

K' 

= 

334  33 

18.85 

E. 

logr 

V 

A 

e 

log  B 

log!/ 

;* 

( 

0 

0 

9.4878584 

0  0  0.00 

1.1038  6215 

335  51  46.38 

9.5081346 

4.688  6746 

1.0000  8277 

0.10349811 

30 

9  502  6623 

36  32  7.50 

1.1116  4085 

10  34  17.77 

9.5220410 

4.020  3094 

1.00111148 

0.1102  4810 

60 

9.540  7098 

70  50  41.41 

1.1287  0093 

43  44  31.88 

9.552  2785 

5.2331592 

1.0017  3668 

0.1266  8299 

90 

9.587  8217 

101  51  53.65 

1.1527  8960 

74  25  54.26 

9.590  5516 

5.597  7618 

1.0012  8597 

0.1512  2236 

120 

9.030  3194 

129  46  44.60 

1.17861164 

102  29  10.96 

9.625  7902 

5.6799144 

1.0002  2588 

0.17810449 

150 

9.65S9887 

155  27  29.02 

1.1980  8875 

128  32  34.79 

9.648  6839 

5.5330630 

0.9997  8030 

0.19802718 

180 

9.669  0267 

180  0  0.00 

1.20368356 

153  40  4.15 

9.653  9763 

5.0510112 

1.0006  6133 

0.2027  4096 
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E.    ,         lo-i- 

p                1             A 

t 

log  1) 

log  il 

h 

I 

210 
240 
270 
300 
330 

9.6589887 
9.6:;0  3194 
9.587  S2 17 
9.540  7098 
9.5026623 

204  32  30.98 
230  13  15.40 
258     8     6.35 
289     9  18.59 
323  27  52.50 

1.19273750 
1.16934301 
1.14208711 
1.1194  3230 
1.10(12  .S960 

179^   3  38'24 
205  53     6.21 
235     3  30.94 
2(!6  54     2.60 
300  52  46.44 

9.640  5643 

9.6113705 
'.i..-.7;i5272 
9.537  5343 
9.513  7154 

2.1596502 

4.9.-.1  96S4 
5. 42;  i. ".302 
5.522  9224 
5.343  7814 

1.00216106 

1 .002S  5589 
l.(M)i.'l  L'4'.)3 
1.0(MI6  7710 
0.9997  7580 

0.19029517 

0.16620585 
0.1396.S091 
0.11.S4  7394 
0.1062  3253 

V 

—I 

V 

—2 

9 

6.90363359 
6.90363341 

1108  32  42.18      7.4890844 
928  32  42.44      7.4890834 

().0062  3965 
6.00623954 

0.8957  0634 
0.8957  0()25 

E. 

G 

G' 

G' 

6 

logji 

logl' 

log|[ 

logJV 

logP 

0 

0 

30 

60 

90 

120 

150 

ISO 

210 

240 

270 

300 

330 

1.0000  7732 
1.00111031 
1.00171716 
1.00123943 

1.0001  67(J8 
0.99973772 
1.0006  4732 
].0(VJ16104 
1.(I02S4522 
1.0020  9425 
1.0006  3933 
0.99975109 

0.10355071 
0.11025877 
0.12683714 
0.15152995 
0,17843084 
0.19S24193 
0.20281016 
0.1902  9526 
0.16(J2  7O21 
0.13990074 
0.1187  9216 
0.10646458 

0.0000  4715 
0.00000949 
0.00013464 
0.0002  (!1 05 
0.0002  6815 
0.0001  7219 
0.0000  5541 
O.OO000008 
0.0000  53(i9 
0.0001  ,S915 
0.00028045 
0.00020734 

18^46  28.61   0.03586144 

19  22  58.72  0.0382  8768 

20  51  17.4ol  0.04451494 
22  54  42.(U|  0.0540  S.-J  4 

25  0    4.02  0.OC.4.S79.S'.l 

26  27    9.31  i  O.07;!0  306o 
26  45  34.58  0.074,S  3C.it;; 
25  50    0.71   0.0C.0491S1 
24    1  53.32  0.05973313 

21  57  13.77  0.0495 0(»56 
20  10  34.78  0.04158092 
19    3  48.08  0.03700237 

0.32053269 
0.32;57  28]4 
0.3319  1,S45 
0.3M4  7345 
0.;55S58872 
O.3(;02  2(i27 
0.;>715(;57] 

o.;4(;i(i045i 

0.;J51864.S4 
0.3384  6383 
0.32806159 
0.32203558 

0.2294  7519 
0.2;{;{05754 
0.24223558 
0.25(>29369 
0.2720  8270 
0.2S;{9  7010 
(t.28(;58308 
0.27880654 
0.2645  63(;9 
0.24956627 
0.23791429 
0.23116016 

8.599;3188 
S.();30  7049 
8.7125510 
8.816  5734 
8.9130565 
8.978  8974 
9. 000  2544 
8.973, S,S4(; 
.S.906;>079 
8.8114799 
8.710  22.33 
8.6301758 

8.919  74;34 
8.953  4(509 
9.042  ,S(;24 
9.159  7444 
9.271  2667 
9. 31 S  2020 
9.371  I'OO'.I 
0..3366140 
9.255(5584 
9.147  9627 
9.037  4863 
8.9522476 

^1 

V 

— s 

6.0060  9403 
6.00609384 

0.8906  9152 
(_).89669123 

0.00083949 
0.00083930 

135  35  52.71 
135  35  52.63 

0.321 4 0725  2.06253200 
0.3214  0716,  2.06253178 

1.5;^28  5453 
1.53285430 

2.8417119 
2.841  7100 

4.S9S2271 
4.8982316 

E. 

logQ 

logr 

'    log^i 

logJi 

log  J3              log  F« 

logics 

IOgi?o 

log  S„ 

0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

;50(J 

330 

V 

—1 

V 

8.8287400 
8.8632763 
8.9539831 
9.(J722159 
9.1849500 
9.2(529066 
9.2865324 
9.251  75.35 
9.1(59  6145 
9.0(50  0557 
8.947  7383 
8.8613541 

8.828  7147  9.9984199 
8.8(53  2712  9.994  5;i.S«.) 
8.9539113  9.993  (509S 
9.0720772  9.996  2;567 
9.1848079  9.9991149 
9.2628156  9.9999208 
9.286 50;52  9.998  42;i6 
9.251  75;^  9.995  729(5 
9.1695861  9.99;!64(;5 
9.0599551  9.9939904 
8.9475885  9.997  0(599 
8.861 2431  9.999  84;39 

«7.924  8767'«8.65S475l'   7.341  0249  ?i6.2739576 

h7.(5(54  1375  «8.953  0512  //7.00(i  ,S423    5.(535  22;32 

7.81(5  4574  «9.027  56;«  //7.(ii;!2672  /i5.8(i9  07.S2 

8.1;!4  ;334(5  /(8.9(il  108S  «7.795  5685  »(i.(i96  7951 

8.078  6500  «S.(585  2483  «7.8;!(i  (5448  w6.9;56  (5401 

7.077  0206    8.037  0932  «7.7(53  2191  /i(5.922  5909 

«7.4(588625    8.8492129  «7.5221932  ?((5. (536 2942 

«7.8492470    9.0(501(505  «(5.07(55127  «5.Ol53120 

//7.7(5,S2904    9.1193.-540    7.472(5718    5.8931945 

H7.031  994(5    9.06(5  31 8(5    7.708  4525  «6.25(;  2;:71 

7.2119318    8.8(5(5418(5    7.7581488  «(S.(5(i9  4900 

«7.4200272    8.1526751    7.6685783  h(j.6(58 4843 

8.310  ;^(598 
8..32S  4(501 
S.408  59(55 
8..526  2113 
8.(5;!9  0494 
8.7122017 
8.727  79;?4 
8.(5S71(5,S8 
8.606  9999 
8.510  2440 
8.4181476 
8.;M66103 

W6..5851432 

;/(5.(53]  5;583 

(5.i;!4.".310 

6.84S9.".52 

6.7420791 

«6.625  15(58 

«7.i;;o87.58 

w7.100.s209 

w(5.5l'OS03(5 

(5.774  444;{ 

6.8859444 

6.355  1807 

4.3715583 
4.3715621 

4.3711117  9.980  2846 
4.;571 1156  9.980  2693 

\                      I 

5.110  95661 
5.110  9."562 

-0.0006106  280* 
—  0.000(5009566* 

E. 

log  Wc, 

iJi,  sin  B 
+S(,(costj+cosJ5;) 

— Rf,  cos  V 
+  So     -  sec-f +1~|  sin  d 

ir„  cos  u 

ir,,  sin  tt 

--^«" 

0 

7(7.4893949 

-0.000  769  4;37 

-0.020434774 

-0.002710273 

-0.001475729 

-0.0.3246657 

30 

n7.S16  0652 

+  0.011967  951 

-0.01 7. "591  0.57 

-  0.002  756  ;307 

—  0.005938  896 

-0.035  02118 

60 

n7.9818445 

+  0.024  315;}(53 

—  O.0O.S157  573 

+  0.0015(58518 

-0.009  461  4;W 

-O.Ol.".  97425 

90 

n8.0.360681 

+  0.032  727  249 

+  O.0O.S319102 

+  0.007047203 

—  0.008  270  793 

—  0.0(1718020 

120 

7J7.8794092 

+  0.0;!2844  271 

+  0.028  781472 

+  0.007  040911 

-  0.002  795  21 5 

—0.096  0(5764 

150 

7.2572(591 

+  0.0221. "59  505 

+  0.046  499174 

-0.001  803  831 

—  0.00012(5  962 

-0.121450.34 

180 

8.1324713 

+0.002  703  ;372 

+  0.0.".;i431012 

-0.011914874 

—  0.000487582 

-  0.128  8;5.3.38 

210 

8.3118(563 

-0.017924683 

+  0.045  4.">6  375 

-0.012.308941 

—  0.016.399  928 

-0.114  64781 

240 

8.2892545 

-0.0.30  714227 

+0.02(5  4.34445 

-0.003  784440 

—  0.019093573 

-0.08923343 

270 

8.1254493 

-0.031808132 

+  0.005  466897 

+  0.003  8.36(584 

-0.012  785  779 

—0.064  75510 

300 

7.8105994 

-0.024 103  783 

-0.010000  896 

+  0.004  783818 

—  0.004.349396 

— 0.04(5  09(i.")2 

330 

6.9959903 

-0.012845(586 

-0.018  098(550 

+  0.000981246 

-0.000137.335 

— 0.03651.'581 

^. 

+0.019  24.5092* 

+0.004275  559 

+0.070053686 

—0.00501(5340 

-0.043662934 

-0.4.3957179 

^3 

+0.019240128* 

+  0.004  276204 

+0.070051841 

—  0.005  003  946 

-0.043659(593 

-0.4.39  57044 

•The  corresponiling  numbers  have  been  added. 


■f  Upon  adding  the  corresponding  numbers  we  obtain, 


0.2209691  333 
0.2209691117 


N"  376 


THE     ASTRONOMICAL     JOURNAL. 


125 


The  work  has  been  carried  twice  tlirdugh  at  different 
times,  and  veritication-fornmhis  or  dil'ferent  forms  of  the 
^(Illations  have  Ijeen  nsod  when  it  was  possible.  Tt  is  there- 
F(in^  probable  that  no  eousidcrabh!  tuTors  remain  in  these 
results. 

A  rongh  eheclv  is  also  obtained  l)y  conii)aring  the  sum  of 
the  quantities  corresponding  to  the  1st,  3d,  5th,  etc.,  points 
of  division  with  the  sum  of  the  remaining  tpiantities.  The 
result  of  the  application  of  this  test  is  shown,  the  sums 
being  2\  and  2^  respectively. 

By  forming  the  values  of  ^'v>  (^'i  +  .l^,)  for  the  last  five 
columns  respectively,  we  obtain  the  following  differential 
coefficients : 


de 
~dt 

dt 

di 

lit 

djn 
.  'It  L 

dw 
It 
dU 


dt 


=    +     3752.83  w.' 

=  -+299037.7    III' 

=    -     4591.37 /m' 

-328218.0    III' 

+  296589.7    m' 

-390282.2    m' 


log  coeff. 
3.5743594 

5.4757260 
M3.661 9424 
7*5.5161623 

5.4721565 
7*5.5913788 


If  we  adopt  the  above  value  of  m',  viz. :     m'  = 
we  obtain,  finally,  the  following  values : 

Universlti/  of  Chicwjo,  1896  March  30. 


de' 
It 

dt 
'  di 

IF 

'd^ 
'dt 
dw 
It 
'(IL 
~dt 


=  +0.01162-59 

=  +0.9263870 

=  -0.0142236 

=  -1.0167843 

=  +0.yis,s(ii;! 

=  -1.2090529 


LeVerrikk,  from  slightlj^  different  elements  has  obtained 
five  of  these  eoefficients,  deduced  from  the  series  expanded 
in  powers  of  the  eccentricities  and  mutual  inclination  of 
the  planes  of  the  orbits  (Annales  de  V Ohsvvvatoire  de  Paris, 
MenwireK,  Tome  V,  pp.  6,  7,  21).  Adopting  LeVekrieu's 
mass  of  Mercunj,  jjsj'risii'  ^^^^  values  of  the  coefficients 
from  the  two  methods  compare  as  follows : 

Metlioil  of  Gauss        Method  of  LeVehuikr 
de 


dt 
'  d! 
Hi 

dt 

'dL 

If 

''d-r' 
Hi 


=  +0.010573 

=  -0.012935 

=  -0.924  724 

=  -1.09959 

=  +0.835616 


+  0.010  62 

-0.013029 

-0.92346 

-1.1002 

+0.83606 


EESEARCHES   ON   THE   ORBIT  OF 

By  T.  J. 

This  close  double  star  was  discovered  by  William 
Struve  in  1826;  its  components  are  of  the  fourth  and 
seventh  magnitudes,  and  of  yellow  and  bluish  colors  re- 
spectively, so  that  the  pair  is  generally  very  difficult. 
Struve  happened  to  discover  the  companion  near  the  time 
of  its  maximum  elongation,  when  the  polar  coordinates 
were  e  =  111°.0  ,  p  =  0".72.  Measures  in  1828,  1831 
and  1833  showed  that  both  angles  and  distances  were 
steadily  decreasing,  and  in  1835  the  star  appeared  single 
under  the  best  seeing.  The  companion  was  not  again 
recognized  with  certainty  until  1842,  although  Stkuve, 
O.  Struve  and  M.\uler  searched  for  it  repeatedly  during 
the  intervening  period,  and  occasionally  suspected  an  elon- 
gation. But  the  discordance  in  the  angles  of  the  supposed 
elongations  justify  the  belief  that  the  phenomena  observed 
were  probably  nothing  more  than  diffraction  fringes,  or 
some  other  kind  of  spurious  discs.  Madler's  observa- 
tion of  332'.3   and  0".18   at  the  epoch   1841.50  may  be 


y  CORONAE  BOREALIS  =  21967, 

J.  SEE. 

genuine,  although  at  this  time  the  star  must  have  lieen 
excessively  close.  The  binary  character  of  the  pair  was 
early  recognized  by  SxituvE,  who  pointed  out  the  jDarticular 
interest  attaching  to  the  system  on  account  of  its  high  in- 
clination, y  Coronue  Borealis  has  since  been  measured  by 
many  of  the  best  observers,  and  yet  the  stars  are  so  un- 
equal and  so  close  that  the  errors  of  observation  assume 
formidable  proportions,  and  render  a  satisfactoiy  determi- 
nation of  the  elements  very  difficult.  The  great  inclination 
of  the  orbit  throws  nearly  all  the  position-angles  into  small 
regions  of  about  10°  on  either  side,  and  while  the  retrograde 
motion  ought  to  make  the  angles  steadily  decrease,  we  are 
sometimes  confounded  by  an  appearance  of  direct  motion 
(as  from  1859  to  1863)  which  proves  the  existence  of 
sensible  systematic  errors,  probably  due  to  the  placing  of 
the  micrometer-threads  parallel  to  the  edges  of  unequal 
images. 

It  is  equally  confusing  to  find  that  instead  of  a  steady 
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increase  and  decrease  in  the  distance,  nearly  all  of  the 
distances  are  in  the  immediate  neighborhood  of  0".4 :  snch 
measures  are  of  course  mi.sleadiiijc,  as  the  companion  can- 
not be  standing  still  at  a  constant  angle  and  distance. 
While  therefore  it  is  clear  that  the  elements  cannot  lay 
claim  to  such  accuracj'  as  could  be  desired,  it  will  j-et 
appear  that  they  are  good,  and  even  excellent  for  observa- 
tions which  are  so  badly  vitiated  by  accidental  and  syste- 
matic errors. 

It  is  obvious  that  in  case  of  a  system  whose  orbit  plane 


lies  nearlj-  in  the  line  of  vision,  the  angles  will  l)i>  practi- 
cally useless  unless  measured  with  the  greatest  accuracy  ; 
yet  in  this  instance,  even,  when  the  jiair  is  fairly  wide,  we 
frequently  find  the  angles  of  individual  observers  differing 
by  so  much  as  10°,  and  when  the  stars  are  close  the  un- 
certainty in  angle  will  amount  to  at  least  twice  this  quun- 
tit)'.  On  account  of  such  conspicmius  errors  in  angle  we 
have  based  tlie  present  orbit  largely  upon  the  distances. 

Dohekck  and  Celokia    are  the  only  astronomers  who 
have  previouslj'  attempted  an  orbit  for  this  pair. 


p 

T 

? 

a 

9, 

1 

/ 

Authority 

Source 

95.50 

95.5 

85.276 

1843.7 

1843.70 

1840.508 

0.387 
0.350 
0.3483 

0*75 
0.70 
0.631 

lll!o 
110.4 
113.47 

83.0 
85.2 
81.67 

239.0 
233.5 

250.7 

Doberck,  1877 
Doberck,  1877 
Celoria,     1889 

A.N.  Bd.  88 
A.N.  2123 
A.N. 2904 

From  an  investigation  of  the  best  observations  1  Hud  the 
following  elements : 


P  =  73.0  years. 

Si    =   110°.7 

T  =  1841.0 

/  =   82''.63 

e  =  0.482 

A   =   97°.95 

a   =  0".7357 

„   =    _4°.9315 

Apiiarent  orbit : 

Length  of  major  axis  =   1".30 

Length  of  minor  axis  =   0".175 

Angle  of  major  axis  =   111°.3 

Angle  of  per'iastron  =    329°.6 

Distance  of  star  from  center  =  0".068 

The  accompanying   table   shows  the  agreement  of  the 
above  elenunits  with  the  mean  places. 


t 

00 

dc 

p. 

Pc 

Oo-dc 

p.— P' 

n 

Observers 

1826.75 

11  Lit 

o 

114.5 

o"72 

0.70 

0 

-  3.5 

+  0.02 

2 

Striive 

1828.98 

110.7 

113.5 

0.54 

0.69 

-   2.8 

-0.15 

3 

Struve 

1831.68 

109.3 

111.2 

0.4  ± 

0.63 

-  1.9 

-0.23  ± 

1 

Struve 

1833.34 

105.8 

110.0 

0.4  ± 

0.57 

-  4.2 

-0.17± 

2 

Struve 

1835.46 

simplex 

107.4 

— 

0.44 

_ 

_ 

3 

Struve 

1836.52 

oblong? 

105.5 

_ 

0.37 

— 

_ 

4 

Struve 

1840.78 

75 

95.1 

cuneif. 

0.16 

-20.1 

_ 

4 

0.  Struve 

1841.50 

332.3 

314.8 

0.18 

0.10 

+  17.5 

+0.08 

10-4 

Miidler 

1842.64 

300.4 

301.9 

0.33 

0.21 

-   1.5 

+  0.12 

6-3 

iMiidler 

1843.30 

292.5 

298.6 

0.41 

0.28 

-   6.1 

+  0.13 

o 
o 

0.  Struve 

1844.37 

286.2  ? 

295.5 

_ 

0.37 

-  9.3 

_ 

1 

Jliidler 

1845.61 

296.0 

293.1 

0.44 

0.45 

+   2.9 

—  O.Ol 

5 

0.  Struve 

1847.36 

293.8 

290.8 

0.40 

0.54 

+  3.0 

-0.14 

16-14 

0.  Struve,  :Madler,  11-9 

1848.44 

294.9 

289.7 

0.4 

0.57 

+  5.2 

-0.17 

7 

Madler,  4;  W.  C.  and  G.  V. 

Bond 

1849.63 

289.9 

288.6 

0.50 

0.58 

+   1.3 

-0.08 

3 

0.  Struve 

1850.69 

289.9 

287.7 

0.53 

0.59 

+   2.2 

-0.06 

3 

Miidler 

1851.50 

287.6 

287.0 

0.48 

0.60 

+  0^6 

-0.12 

4 

( ).  Struve 

1852.07 

285.1 

286.5 

0.57  ± 

o.(;o 

-   1.4 

-0.03 

4 

Dawes 

1853.17 

286.2 

285.6 

0.45 

0.59 

+  0.6 

-0.14 

9-10 

0^-.,5;  Jacob, 0-2;  Miidler 

4-3 

1854.40 

284.3 

284.4 

0.69 

(1.58 

-   0.1 

+  0.11 

2 

Dawes 

1855.73 

292.4 

283.3 

- 

0.56 

+   9.1 

_ 

1 

Madler 

1856.62 

283.8 

282.4 

0.57 

0.54 

+   1.4 

+  0.03 

6-9 

O.  Struve 

1857.52 

281.0 

281.4 

0.50 

0.52 

-  0.4 

-0.02 

1 

Dawes 

1858.97 

284.7 

279.8 

0.46 

0.48 

+  3.9 

-0.02 

5 

0.  Struve 

1859.36 

282.6 

279.4 

0.45 

0.47 

+   3.2 

-0.02 

1 

Dawes 

1861.59 

287.7 

276.2 

0.42 

0.41 

+  11.5 

+  0.01 

3 

0.  Struve 

1862.73 

260.0 

274.0 

cuneo 

0.38 

-14.0 

_ 

4 

Derabowski,  3 .  Madler,  1 

1863.64 

290.5 

272.3 

0.41 

0.35 

+  18.0 

+  0.06 

3 

0.  Struve 

1865.50 

280 

267.7 

<0.5 

0.30 

+  12.3 

+0.20 

1 

Engelmann 

1866.62 

286.0 

260.0 

0.43 

0.24 

+  26.0 

+  0.19 

2 

0.  Struve 

1868.02 

260.2 

257.9 

0.36 

0.22 

+   2.3 

+  0.14 

<> 

O.  Struve 
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t 

do 

Oc 

Po 

P= 

e—dc 

P»— P« 

n 

Observere 

1872.91 

19-2.5 

209°0 

// 

0.13 

O 

-1(5.5 

// 

2 

Wilson  and  Sealiroko 

1874.r)(j 

1()6.9 

184.8 

— 

0.14 

-17.9 

- 

1 

Leyton  obsei-vatious 

1875.41 

1G5.4 

175.3 

- 

0.14 

-   9.9 

- 

1 

Loyton  observations 

1877.54 

163.3 

15(5.3 

0.44 

0.18 

+   7.0 

+  0.26 

2 

().  Sfci'uve 

1878. (!0 

150.7 

147.0 

0.56 

0.22 

+   3.7 

+  0.34 

2 

0.  Struve 

1883.57 

129.1 

130.3 

0.41 

0.36 

-   1.2 

+  0.05 

5 

Schiaparelli 

1884.53 

127.6 

128.0 

0.33 

0.41 

-   0.4 

-0.08 

9-13 

Per.,  3-1;  Sch.,6;  En.  (J-6 

1885.54 

134.3 

12(5.8 

0.35 

0.43 

4-   7.5 

-0.08 

3 

Sohiaparelli 

188(5.51 

129.1 

125.3 

0.38 

0.46 

+  3.8 

-0.08 

6 

Scliiaparelli 

1887.51 

126.6 

124.2 

0.38 

0.48 

+  2.4 

-0.10 

13 

Schiapavelli 

1888.55 

124.3 

123.0 

0.40 

0.52 

+   1.3 

-0.12 

16-15 

Scliiapavelli 

1889.50 

119.8 

122.0 

0.41 

0.54 

o  o 

-0.13 

5-4 

Hodges,  1-0  ;  Sell.,  4 

1890.68 

124.1 

121.1 

0.51 

0.57 

+   3.0 

-0.06 

1 

Bifj;oiu'dan 

1891.52 

121.7 

120.2 

0.45 

0.59 

+   1.5 

-0.14 

10 

See,l;  Sell.  4;  Hall,  4;  Bigourdan 

1 

1892.55 

122.0 

119.4 

0.60 

0.62 

+   2.6 

—  0.02 

12 

H.C.Wilson,  1 ;  Big.l ;  Scli.7  ;  Com. 

,3 

1893.50 

118.4 

118.7 

0.58 

0.64 

-   0.3 

-0.06 

2-4 

Bigourdan,  2  ;  Scli.,  0-2 

1894.54 

120.4 

117.9 

0.57 

0.66 

+   2.5 

—  0.09 

6 

Sch.,2;  Bar.,  4 

1895.42 

116.0 

117.3 

0.69 

0.67 

-   1.3 

+  0.02 

6-3 

See,  3  ;  Comstock,  3-0 

The  following  is  a  short  ephemeris  : 


t 

Be 

0 

Pc 

If 

1896.50 

116.6 

0.69 

1897.50 

116.0 

0.69 

1898.50 

115.3 

0.70 

1899.50 

115.3 

0.70 

1900.50 

114.1 

0.70 

According  to  this  orbit,  previous  investigators  have 
materially  overestimated  the  period.  While  the  time  of 
revolution  must  at  present  remain  slightly  uncertain,  it 
does  not  seem  at  all  jirobable  that  this  element  can  surpass 
seventy-five  years.  It  follows,  therefore,  that  y  Coronae 
Borealis    belongs   to  the    class    of    unequal   binaries   with 

The  University  of  Chicago,  1895  Oct.  24. 


moderately  short  periods.  The  inclination  and  line  of 
nodes  here  obtained  will  probably  be  nearly  correct,  while 
the  eccentricity  is  not  likely  to  be  varied  by  so  much  as 
±0.05. 

Recent  distances  have  been  appreciablj'  undernieasured 
by  several  observers ;  the  separation  of  the  components  is 
now  about  0".68,  and  will  not  change  sensibly  for  several 
years.  The  star  needs  further  observation,  and  astrono- 
mers should  continue  to  give  it  regular  attention ;  but 
owing  to  the  iieculiar  shape  of  the  apparent  orbit  great 
care  must  be  exercised  to  avoid  systematic  errors,  if  the 
measures  are  to  be  of  much  value  in  effecting  a  further 
improvement  of  the  elements. 


ON  THE   OCCULT ATION   OF   THE   STAR   B.A.C.  174(3,* 

Bv  JOHN  N.  STOCKWELL. 


On  the  evening  of  April  17,  as  I  was  casually  looking  at 
tlie  moon  through  the  telescope,  I  noticed  a  bright  star 
directly  in  front  of  it,  and  not  more  than  one  half  of  its 
semi-diameter  distant  from  the  moon's  limb.  It  was  evident 
that  an  occultation  of  the  star  was  about  to  occur ;  and  I 
at  once  decided  to  note  the  time  at  which  it  took  pilace. 
The  local  mean  time  of  its  disappearance  I  found  to  be 
gh  ■^ra  52s_  which  is  probably  not  more  than  one  second  in 
error. 

I  then  examined  the  list  of  orcidtations  in  the  Amnricnn 
Ephemeris,  for  the  purpose  of  finding  what  star  it  was  ; 
but  was  surjirised  to  find  that  there  was  no  occultation,  visi- 
ble in  the  northern  hemisphere,  due  on  that  evening.  The 
star  /3  Tai'.vi  had  already  suffered  an  occultation  and  was 
about  one-half  of  a  degree  to  the  westward  of  the  moon ; 
while  the  next  almanac  star,  B.A.C.  1772.  would  occur  some 


eighty  minutes  later,  and  be  visible  only  in  the  southern 
hemisphere. 

I  therefore  had  some  trouble,  from  the  limited  means  at 
hand,  in  finding  what  star  it  was ;  but  I  finally  discovered 
by  means  of  tlie  FAinhanjh  Catalorjue,  that  it  was  the  star 
numbered  885,  and  corresponded  to  the  number  1746  of 
British  Association  Catdloyue. 

The  apparent  place  of  the  star  was  found  to  be, 

a  =  5"  29"^  24^55    and    8  =  +27°  55'  51".7 

The  Greenwich  mean  time  of  disappearance  of  the  star  was 
April  17,  13''  34™  30";  a,nA  t\\Q  American  Ej)heme7"is  giYes, 
for  the  place  of  the  moon  at  that  instant. 


31'"  9\36 


8  =  +28°  1'  30".2. 


The  geocentric  latitude  of   the  place  of  observation  being 
^1  =  +41°  18'  21".5,    and  the  logarithm  of  the  distance 


*  This  star  is  DM.  27°800,  and  Weisse's  Bessel  V,  7'JO.     In  the  former  it  is  given  as  7«.l  and  Bessel  estimated  it  as  8".  —  Eu. 
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from  the  center  of  the  earth  being  9.9993G51,  I  find  for  the 
moon's  apparent  place 

u  =  82"  3'  4".4  .  S  =  +27°  36'  39".5 
From  the  data  thus  determined.  I  found  the  apparent  di.s- 
•tance  between  the  centers  of  the  moon  and  star  was  92S".9; 
while  the  apparent  semi-diauieter  of  the  moon  wate  925".7. 
The  computed  place  of  the  moon  at  that  time  therefore 
differed  from  its  observed  place  by  only  3". 2,  and  serves  to 


show  the  great  excellence  which  has  been  attained  in  the 
construction  of  the  moon's  ephemeris. 

The  magnitude  of  the  star  as  given  in  the  Catalogue  is 
6". 5;  and  I  am  unable  to  understand  why  it  was  omitted 
from  the  list  of  occultations  in  the  American  Ephemeris, 
since  that  work  purports  to  give  the  occultations  of  all 
stars  above  the  ninth  magnitude. 

Cleveland,  180(i  April  20. 


OJiSEKVATIOXS   OF   COMET  b  189(3   (swift), 

M.VDK   AT   THE    UlDl.KV    OIISKRV.VTOH Y,    AI.1!.\XV, 

Bv  AKTHUU  J.  HOV. 


1896  Allmny  51. T. 

* 

No. 
Comp. 

/la 

-* 

^8 

^'s  apparent 
a            1             8 

log  j)A 
for  a      1     for  8 

h        III       s 

III         8 

'         /' 

h       111       B 

O            /            ff 

April  27 

8  IS  36 

4 

10 

+  0  31.51 

+  2  57.0 

3  14  16.07 

+  46  10     5.2 

9.763 

0.774 

29 

S  14  17 

6 

10 

+  0  35.88 

+  1  21.4 

3     5  25.49 

+  50  15  56.4 

9.787 

0.777 

May  12 

9  31  41 

8 

10 

-0  54.92 

+  9     4.5 

1  43  50.98 

+  66  22  24.6 

9.342 

0.916 

10  43  44 

10 

8 

-1     1.51 

-8  37.6 

1  43  30.85 

+  66  24  26.1 

«9.086 

0.920 

13 

9  39  48 

11 

4 

+  0     5.99 

-0  22.4 

1  36  38.64 

+  67     2     0.5 

9.125 

0.918 

15 

9  18  52 

12 

8 

-0  40.60 

-0"  51.0 

1  22  18.05 

+  68  10  52.2 

9.126 

0.915 

Mean  Places  for  1S9G.0  of-  Coviparison- Stars. 


* 

a 

Red.  to 
app.  place 

S 

Ked.  to 
app.  place 

Authority 

4 

h       m      8 

3  13  44.87 

-0.31 

+  46°   6'58"5 

It 
+  9.7 

DM.  45°742.     From  comparison  with  *5 

5 

3  12  28.52 

+  46  11  34.2 

Deichmiiller,  Bonn  A.G.  Catal.  2765 

6 

3     4  50.08 

-0.47 

+  50  14  25.7 

+  9.3 

j:)il.  50°719.     From  comparison  with  ^7 

1 

3     1  57.07 

+50  10  53.2 

Rogers,  Cambridge jA.G.  Catal.  1391 

8 

1  44  47.57 

-1.67 

+  66  13  18.3 

+  1.8 

DM.  66°167.     From  comparison  with  *9 

9 

1  41  23.08 

+  66  16     0.5 

Fearnley,  Christiania  A.G.  Catal.  328 

10 

1  44  34.08 

-1.72 

+  66  33     2.0 

+  1.7 

Fearnlev,  Christiania  A.G.  Catal.  336 

11 

1  36  34..39 

-1.74 

+  67     2  21.9 

+  1.0 

Fearnley.  Christiania  A.G.  Catal.  321 

12 

1  23     0.46 

-l.Sl 

+  68   11  43.6 

-0.4 

Anon  10-'.     From  comparison  with  5|cl3 

13 

1  26  38.83 

+  68     8  51.5 

Fearnley,  Christiania  A.G.  Catal.  292 

I 


Ja  measured  micrometiically,  except  on  May  12. 


NEW  ASTEROID. 

Professor  Kkkutz  sends  the  positions  of  an  asteroid  found  by  Prof.  Wolf  upon  his  photographic  plates  at  Heidelberg. 


CT 
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May  6     10  45    Heidelberg  M.T., 
"     8     11     9.6 


a  =  14  36.7 
14  34.8 


8  =  -10  48 
-10  34 


The  asteroid   CD,  found  by   Wolk  1895  Oct.  13,  will  be  designated  as  no.  408. 
Names  have  been  assigned  as  follows: 

No.  337,     Charloi.s,     1892  Sept.  22,     Derosa.  No.  338,     Chaklois,     1892  Sept.  25,     Boudrosa. 

No.  340,     Wolf,     1892  Sept.  25,     Eduurdn. 


On  Certain  Systematic  Errors  in  the  Right-Ascensions  of  the  Fundamental  Stars,  by  Prof.  George  C.  Comstock. 
The  Secclar  Perturbations  oi'  Mercury  Arising  from  the  .Action  of  the  E.\rth,  by  Mr.  Eric  Doolittle. 
Researches  on  t*e  (Jubit  of  >  Corunae  Borealis  =  rilyG",  by  Dr.  T.  J.  J.  See. 
OnIthe  Occci.tatios  of  the  Star  B.A.C.  1746,  by  Prof.  John  N.  Stockwell. 
Observations  of  Ccmet  6  1896  (Swift),  by  Mr.  Arthur  J.  Roy. 
New  Asteroid. 

PCBLisUKD  IK  Boston,  tri-mo.nthly.  by  b.  a.  Goitld.    addkess.  Cambkidge.  Mass.    Price.  $.5.00  the  Volume.    Press  op  Thos.  P.  Nichols,  Lynn,  Mass. 

Entered  at  llie  Post  Office,  at  Boston.  .Mass..  as  second-class  matter.     Closed  Mai/  30. 
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THE    GE:N^EEAL    PERTURBATIOIS^S    OF    XEMAUSA 

BY   JUPITER, 

Bv  A.  HALL. 
In  the  year  1864  I  computed  the  special  perturbations  of 
Nemausa  by  the  method  of  rectangular  coordinates,  from 
1858  Feb.  13,  to  1863  Oct.  25;  formed  five  normal  positions 
for  the  oppositions  which  had  been  observed,  and  corrected 
the  elements  by  means  of  equations  of  condition.  The 
results  were  published  in  the  volume  of  the  Naval  Observa- 
tory for  1863,  page  lxxxiii.  In  the  spring  of  the  next 
year  I  began  the  computation  of  the  general  perturbations 
of  this  planet  by  Hansen's  method,  but  my  work  was  in- 
terrupted by  being  ordered  to  the  prime  vertical  instru- 
ment in  September  of  that  year,  and  soon  afterwards  to 
the  meridian  circle.  The  observations  with  these  instru- 
ments, and  especially  the  reductions,  required  so  much 
time  that  my  computations  on  Nemausa  were  laid  aside, 
and  nearly  forgotten.  A  year  ago  I  found  and  resumed 
my  old  work,  and  have  finished  the  calculation  of  the  first- 
order  perturbations  by  Jupiter.  The  computation  has  been 
made  anew  from  the  beginning  with  my  elements  of  Ne- 
viaiisa;  but  instead  of  Bouvard's  elements  of  Jupiter  I 
have  taken  those  of  Hill.  This  change  ^iroduced  of  course 
very  little  difference  in  the  results,  and  the  old  calculations 
were  essentially  correct  as  far  as  they  were  made,  that  is 
to  the  13  coetflcients  of  Hansen.  The  following  are  the 
adopted  elements  of  the  planets.  The  notation  is  that  of 
Hansen. 


OF    THE     FIRST     ORDER 


Nenlaustt 

O  '  // 

=  1  57  16.7 
=  175  14  22.3 
=  175  38  56.5 
=  9  56  48.5 
=  3  47  36.2 
=  0.3739513 
=  975".  16863 
=  0 


e' 

i' 
'l' 

log«' 
n' 


Jupiter 
--  38°    8 

:      12         2 

=  99 

:  1 


8  15.7 

2  9.9 

0  49.1 

18  40.2 


2  45  56.9 
0.7162374 
299".1283 
1 


These  elements  are  for  tlie  mean  equinox  of  1858.0.  The 
epoch  for  c,  the  mean  anomaly,  is  1858  March  25.5  Berlin 
M.T.     The  ratio  of  the  mean  motions,  or 


h'   = 


=  0.306  7452 


and  the  greatest  factor  of  integration  among  the  lower 
order  terms  comes  from  the  form  1— 3/li.  The  following 
table  contains  the  coefficients  of  the  perturbations  of  the 
coordinates  chosen  by  Hansen  ;  which  are  the  pertur- 
bation of  the  mean  anomalj-,  nhx,  the  perturbation  of  the 
radius-vector,  v,  and  the  perturbation  of  the  coordinate  per- 
pendicular to  the  plane  of  the  disturbed  planet's  orbit,  or 
((  rs 


cos  i         ncosi 
The  argument  is      ie  —  VA',      where     A'   =  g'  -\-  fxie—g). 
g'  is  the  mean  anomaly  of  Jupiter,  and  e  and  g  are  the  ec- 
centric and  mean  anomalies  of  Nemausa. 


Epoch   =   1858  Mar.  25.5  Berlin  M.T.     ;     nz 


2'  49".8  +  975".03561  +  n?,: 


nhz 

V 

)(                           1 

Argument 

7^ 

cos 

sm 

COS 

sm 

cos  /                           1 

COS 

sm 

It 

If 

// 

// 

// 

1' 

0      0 

-     0.23 



0.61 

0      1) 

+     0.0128?//- 



0.230971/' 

1      0 

+  456.42 

+  290.12 

-143.57 

+  228.35 

+ 

7.94 

+  16.57 

1      0 

-     3.9586rti 

-     0.3849/?f 

+     0.1929/1/' 

-     1.9793n/' 

+ 

3.4S97Mi; 

,+  0.5037?/./' 

2     0 

-     7.74 

-     4.20 

-     0.53 

-     0.15 

+ 

0.07 

-  0.23 

2     0 

+     ().0655«/ 

+      0.0064///' 

-2-1 

-     0.01 

-      0.14 

-     t).07 

+     0.01 

+ 

0.01 

+   0.06 

-1-1 

-     0,02 

+     3.11 

+     2.06 

+     0.02 

H- 

0.04 

-   2.14 

0-1 

-     3.17 

+   25.03 

+     1.84 

-     0.16 

+ 

0.65 

-   4.48 

1-1 

-   30.76 

+  103.53 

—   38.08 

-   11.33 

+ 

0.53 

-   0.93 

(1211) 
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,ii 

z 

t 

u 

■        1 

Argument 

cos 

sin 

cos 

sill 

cost 

, 

COS 

sin 

2-1 

+ 

0.50 

-     0*94 



0.38 

+   0.03 

+   0.88 

-   1.91 

3-1 

+ 

0.11 

-     0.18 

+ 

0.15 

+   0.10 

-  0.04 

+   0.07 

-1-2 

— 

0.02 

+     0.22 

+ 

0.22 

+   0.03 

+   0.06 

-   0.27 

0-2 



2.09 

+     6.96 

+ 

0.97 

-   0.06 

+  1.31 

-   3.50 

1-2 



64.60 

+  109.18 



30.31 

-18.44 

-  3.58 

+   7.51 

2  —  2 



73.11 

+  109.37 



67.72 

-45.2;; 

+   0.45 

-   0.49 

3-2 

+ 

1.35 

-     2.18 

+ 

0.03 

-   0.06 

-  0.29 

+   0.32 

4-2 



0.05 

+     0.05 

— 

0.04 

-  0.05 

+   0.01 

-  0.01 

-1-3 

+ 

0.0 1 

—     0.02 

+ 

0.03 

+   0.01 

+  o.ol 

-   0.04 

0-3 



1.96 

+     4.60 

+ 

1.38 

+  0.35 

+  1.91 

-   3.71 

1-3 

^ 

•90.60 

+  399.40 



28.60 

-21.91 

-  0.31 

+   1.01 

2-3 

-190.00 

+  221.30 

-116.50 

—  99.S0 

-15.00 

+  16.55 

3-3 

+ 

13.68 

-  12.37 

+ 

6.;!S 

+   7.77 

-  0.15 

+   0.11 

4-3 



0.16 

+      O.IS 

+ 

0.02 

+   0.07 

+  0.10 

-   0.0(; 

5-3 

+ 

0.02 

—      0  01 

+ 

0.01 

+   0.02 

O.OO 

0.00 

0-4 

+ 

0.12 

—     0.22 

0.11 

-   0.06 

-   0.17 

+   0.25 

1-4 

— 

4.85 

+     5.37 

+ 

1.63 

+   1.62 

-   0.58 

+  0.62 

2-4 

+ 

32.95 

-  29.55 

+ 

12.59 

+  14.17 

+   2.86 

-  2.54 

;!-4 

+ 

7.82 

-     4.88 

+ 

3.62 

+   5.58 

+  0.72 

-  0.43 

4-4 



2.69 

+     1.16 



0.86 

-   2.07 

+    O.OO 

0.00 

u-4 

+ 

0.02 

-     0.02 

0.00 

-   0.04 

—  o.(t( 

+   0.01 

1-5 

+ 

0.02 

+     0.08 

+ 

0.12 

+   0.14 

—    0.19 

+   0.15 

2-5 

+ 

S.90 

—     6.06 

+ 

1.79 

+   2.71 

+   0.46 

-   0.32 

3-5 

+ 

5.70 

-     2.72 

+ 

1.73 

+  3.55 

+   0.78 

—   0.3(; 

4-5 



I'.IMi 

+     0.61 

— 

0.44 

-   1.49 

-  0.15 

+   0.04 

5  —  5 

+ 

U.74 

-     0.08 

+ 

0.0(i 

+   0.61 

-  o.o;) 

0.00 

G-o 

0.00 

0.00 

0.00 

+   0.02 

+    0.01 

0.00 

1-6 

+ 

0.10 

—     0.02 

+ 

0.01 

—   0.02 

—    0.10 

+  0.07 

•2-6 

+ 

5.62 

-     4.87 

+ 

0.58 

+   0.60 

+   0.06 

-   0.02 

3-6 

+ 

1.66 

-     2.19 

+ 

1.21 

+   0.98 

+   0.90 

-   0.30 

4-6 



1.09 

+     0.20 



0.13 

-  0.76 

-   0.15 

+   0.02 

5-6 

+ 

0.60 

0.00 

O.OO 

+   0.48 

+   o.(i4 

0.00 

6-6 



0.21 

-     0.04 

+ 

0.04 

-   0.18 

+    0.01 

0.00 

2-7 

+ 

1.51 

-     0.56 



O.OS 

-  0.24 

+    0.01 

—   0.02 

3-7 



3.07 

+     0.58 



0.26 

-   1.40 

—  o.;;5 

+   0.07 

4-7 



0.48 

+     0.01 



0.01 

-  0.36 

—    0.1(» 

0.00 

0  —  7 

+ 

0.32 

+     0.04 



0.03 

+   0.24 

+  0.04 

+  0.01 

6-7 



0.19 

-     0.06 

+ 

0.05 

-   0.16 

—  0.01 

-   0.01 

7  —  7 

+ 

0.06 

+     0.03 



0.03 

+   0.05 

0.00 

0.00 

3-.S 



0.19 

+     0.01 

0.00 

—   0.01 

4-8 



0.29 

-     0.03 

-h 

0.02 

-   0.18 

« 

5-8 

+ 

0.14 

+     0.04 



0.03 

+    0.10 

6-8 



0.10 

-     0.04 

+ 

0.04 

—  O.OS 

7-S 

+ 

0.06 

+     0.04 



0.03 

+   0.05 

8-8 



0.02 

-     0.02 

+ 

0.01 

—    O.dl 

4-9 

+ 

0.04 

+     0.01 

0.00 

+    0.01 

5-9 

+ 

0.06 

+     0.02 



0.01 

+   0.04 

6-9 

— 

0.04 

-     0.02 

+ 

0.02 

-   0.03 

7-9 

+ 

0.03 

+     0.03 



0.02 

+   0.03 

8-9 

— 

0.02 

-     0.02 

+ 

0.02 

+   0.01 

When  the  perturbations  have  been  computed  from  oscu- 
lating elements,  as  in  the  present  case,  the  sum  of  the 
perturbations  and  their  first  differential  coefficients  for  the 
epoch  are  put  equal  to  zero  for  the  determination  of  the 
six  arbitrary  constants.  The  constant  denoted  by  k  in 
H.ixsEN^'s  method  entei-s  with  its  full  value  into  the  cor- 
rection of  the  adopted  mean  motion,  and  a  small  error  in 


this  constant  will  be  multiplied  by  the  time,  so  that  the 
error  in  the  mean  anomaly  may  become  important  fi  r  a 
distant  epoch.  After  tlie  determination  of  the  constants 
the  elements,  with  tlie  perturbations  added,  were  compared 
with  a  position  in  1892,  and  a  small  correction  was  found 
for  the  constant  /.■.  The  result  for  the  mean  motion  is 
placed  at  the  head  of  the  table  of  perturbations.     The  co- 
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efficients  of  the  [leriodical  perturbations  were  then  cor- 
rected, when  necessary,  for  the  changes  in  the  integrating 
factors. 

In  order  to  correct  the  adopted  elements  of  the  phinet 
eight  nornuils  were  formed,  extending  from  1858  to  1892, 
as  f oUows : 

C  — O 
Berlin  M.T.  a  8  Ja  JS 

1858  :\rar.  16.75123 
1860  Dec.  11.75123 
1863  Sept.  22.75123 
1867  Nov.  2.50000 
1871  Dee.  20.50000 
1876Fel).  1.5(t()00 
1880  Apr.  15.50000 
1892  Sept.   8.50000 

The  residuals  given  in  the  columils  .tu,  .78,  result  from 
the  comparison  of  the  elements  and  the  perturbations  with 
the  normals.  These  computations  were  made  with  loga- 
rithms of  six  decimals,  but  as  the  planet  was  always  near 


173  55    0.9 

+  2  19  47.8 

+  3.0 

-   0.5 

77    5  24.9 

+  6    9  32.9 

+  44.6 

+   5.5 

0  50  28.7 

-11  36.5 

+  14.1 

+   6.6 

43  30    0.2 

+  4  10    5.9 

+  49.6 

+  15.9 

89    0  11.3 

+  6  28  11.3 

+   1.3 

+   7.7 

144  49  47.8 

+  3    7  54.8 

-10.7 

-   4.9 

201  57    8.0 

-0  11  36.3 

+  43.6 

-33.6 

348  35  39.8 

-2  23  44.3 

+  19.9 

+  23.7 

opposition  the  computed  position  should  be  accurate  within 
a  second  of  arc.  A  doubtful  residual  is  that  of  the  decli- 
nation for  1880,  but  there  appears  to  be  no  error  in  the 
computation.  This  declination,  however,  results  from  the 
difference  of  two  nearly  equal  quantities.  Tlie  elements  of 
the  planet  were  transferred  to  the  equator,  and  equations 
of  condition  were  computed  for  the  geocentric  right-ascen- 
sion and  declination.  As  the  eccentricity  is  small  the 
common  device  for  avoiding  the  uncertainty  arising  from 
this  source  was  used;   that  is,  two  auxiliaries,  <j>  and  \jj, 


were  introduced. 


* 

^ 


=   sm  qfi  sni  IT 
=   sin  r/  cos  77 


In  order  to  make  the  equations  more  convenient  for 
solution  the  unit  of  the  independent  term  was  assumed  to 
be  10",  and  the  correction  to  the  mean  motion  was  multi- 
plied by  1000.  The  equations  of  condition  with  the  loga- 
rithms of  the  quantities  are  as  follows  :  " 


0.3063. 

IL   +w8.3791z 

In    +   0.5840  J(j 

f,   +   9.6212  J./,   H 

-   9.3] 45. 761 

+   8.7740  J/ 

+   9.4771 

= 

0 

«9.6825 

7.7885 

M9.9601 

7*8.9779 

0.2558 

9.3979 

M8.6990 

=: 

0 

0.2191 

0.2145 

?(9.7267 

0.5168 

?i9.2344 

w,9.0227 

0.6493 

= 

0 

8.9536 

8.7819 

M9.3618 

9.2165 

n9.6326 

9.2064 

9.7404 

=_ 

0 

0.1513 

0.4541 

«0.4743 

8.5758 

9.2934 

8.2627 

0.1492 

^ 

0 

9.5332 

9.8348 

?i9.8563 

H7.5674 

W9.9996 

M8.8809 

9.8195 

:= 

0 

0.1744 

0.7203 

»0.3380 

0.3416 

8.5567 

W9.2696 

0.6955 

=^ 

0 

9.4289 

9.9660 

W9.6884 

9.4871 

wO.1035 

0.0097 

0.2014 

= 

0 

0.2353 

0.9359 

9.0359 

0.5335 

?i9.29S9 

«8.4462 

9.1139 

= 

0 

8.1653 

8.6448 

M9.3148 

8.7224 

M9.0813 

0.2239 

9.8865 

=- 

0 

0.2863 

1.1013 

0.4736 

0.3433 

8.4987 

9.3446 

■/i0.0294 

^ 

0 

^(9.5492 

«0.36S5 

rt9.8l09 

«9.4204 

0.1109 

0.0699 

H.9.6902 

1= 

0 

0.3007 

1.2067 

0.5495 

«0.0731 

9.2195 

W9.1509 

0.6395 

= 

0 

»9.6572 

«0.5610 

W9.9321 

9.1920 

0.2293 

W9.7932. 

wO.5263 

^ 

0 

0.1528 

1.2528 

»(0.4660 

«  9. 8070 

9.2366 

«8.9905 

0.2989 

= 

0 

9.5199 

+   0.6203 

+  «9.S371 

+  «9.0886         +?i0.2066 

+  W9.6226 

+   0.3747 

= 

0 

normal 

equations  are, 

+ 

24.659.JZ   +115.744J?*  +   8 

702  J</,   +16.605. 

]^    -   2.590  761   -0.455 .j; 

+   30.322 

^ 

0 

+  889.060         +23 

121         +43.632 

-12.878 

-3.831 

+  156.015 

= 

0 

+  61.915         -  0.418 

-  0.987 

+  0.074 

—     9.697 

^ 

0 

+  34.382 

-   1.822 

—0.058 

+   17.317 

= 

0 

+  13.396 

+  0.096 
+  6.016 

-   12.679 
+      1.056 

^ 

0 
0 

The  solution  gives 


/IL  =    -14.80 

J^   =    +2.475 

ztn    =    +  0.000004286 

sin 

IJB  =    +7.13 

J,^    =    +   3.764 

Ji    =    -2.98 

The  residuals  remaining  in  the 

equations  of  condition  are 

Year 

Ja 

J  8^^ 

1858 

-lO.'l 

+  15^1 

1860 

+  25.4 

+  0.2 

1863 

-16.5 

-   8.0 

1867 

+  25.8 

-   1.2 

1871 

-14.2 

-    1.0 

1876 

-22.6 

+   3.2 

1880 

+  26.7 

-15.9 

1892 

-10 

.4 

+   5.9 

These  residuals  should  be  multiplied  by  three-fifths  to 
reduce  them  to  heliocentric  values.  They  are  not  much 
larger,  I  think,  than  one  may  expect  for  an  interval  of  34i 
years,  when  the  perturbations  of  Saturn  are  neglected,  and 
those  of  the  second  order  by  Jupiter.  Some  of  the  normal 
positions  are  not  very  strong.  Although  this  planet  is 
generally  of  the  9th  or  10th  magnitude  at  opijositiou,  yet 
the  observations  at  the  same  observatory  sometimes  show 
discordances  amounting  to  5"  or  10".  The  corrections 
found  above  are  referred  to  the  plane  of  the  eqixator. 
Transferring  them  to  the  ecliptic,  and  applying  them  to 
the  adopted  values,  we  have  the  following  elements  of 
Nemausa  : 
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L  = 

177  11  3(;.l 

■rt    = 

6  = 

175  13  21.3  ) 
175  3.S  17.(5  ^1858.0 
9  ol>  52.3) 

')    = 

H     = 

los«    = 

3  47  34.0 
l)75".035(;i4 
0  .37o'.);t07 

The  next  step  wouUl  be  to  chango  the  coefficients  in  the 
table  of  pertiirbations  from  the  oscnlatinj;  elements  of  the 
planet  to  those  depending  on  the  mean  elliptic  elements. 
The  principal  result  would  be  to  reduce  tlie  terms  de- 
pending on  cost  and  sine,  or  in  this  case,  +45G".42  and 
+  290"^12  in  nhz;  -143".57  and  +228".35inv;   +7".94 

and  +16".57  in  .  to  very  small  quantities;  while  the 

cos  ( 

other  coefficients  wonld  undergo  only  slight  changes.  Han- 
sex  has  given  formulas  for  this  change,  A%iseinandersetzung, 
Part  3,  arts.  1-33-150;  but  the  formulas  as  jirinted  contain 
several  error.s,  and  ought  to  be  revised  before  they  are  used. 

As  Hanskx"s  method  is  undoubtedly  the  best  we  have 
for  computing  the  perturbations  of  the  minor  planets,  it 
may  be  interesting  to  give  some  of  tlie  statistics  of  my  cal- 
culation of  the  perturbations  of  Nevnnisn  by  this  metliod. 
This  planet  is  situated  near  tlie  inner  jiart  of  tlie  ring  of 

1S%  April  10.  


asteroids,  and  there  is  not  a  very  near  approach  to  com- 
mensurability  with  the  motion  of  Jupiter,  so  that  for  these 
reasons  the  coefficients  are  smaller  than  the  average.  I 
kept  an  account  of  the  time  spent  in  computing  the  pertur- 
bations, and  found  that  the  calculation  required  385  hours, 
or  (>4  days,  as  computers'  work  in  Washington.  This  time 
includes  all  that  was  spent  in  conijiuting  the  checks,  which 
Haxskx  has  so  carefully  provided,  and  in  correcting  tlio 
errors.  These  checks  are  valuable,  and  in  fact  indis- 
pensable for  one  who  is  computing  alone.  I  think  that  I 
am  an  average  computer,  and  that  by  practice  my  time  of 
computing  the  perturbations  could  be  reduced  to  300  hours. 
After  the  perturbations  were  computed  it  was  necessary  to 
form  the  arguments  for  each  normal,  look  out  the  cosines 
and  sines,  and  write  down  the  products  with  the  coefficients. 
There  were  352  of  these  products  for  a  normal,  and  the 
time  refpiired  was  about  4  hours.  The  computation,  there- 
fore, is  laboriovis,  and  it  is  well  to  inquire  if  some  process 
cannot  be  devised  by  which  the  principal  part  of  the  per- 
turbations can  be  found  with  luueh  less  labor.  The  most 
promising  method  appears  to  be  that  of  Dr.  Boiilix,  whose 
memoir  was  awarded  a  prize  by  the  Academy  of  Sciences 
at  Paris  in  December,  1894,  but  so  far  as  I  know  this 
memoir  has  not  been  published. 


NOTES   ON   VARIABLE   STARS,  — No.  13, 

Bv  HENKY   JI.  PARKHURST. 


The  observations  distinguished  by  a  small  capital  p  were 
made  by  ^fr.  Akthuk  C.  Perry,  of  Brooklyn,  N.Y.,  by 
Argelaxdek's  method,  and  have  been  reduced  by  myself 
to  the  photometric  scale.  His  telescope  has  an  aperture  of 
4  inches,  with  a  magnifying  power  of  40  to  200.  Some  of 
these  observations  were  made  with  the  tinder,  aperture  1.3 
inches,  magnifying  power,  8 ;  and  some  with  a  lield-glass, 
aperture  2.1  inches,  magnifying  power  oi.  The  exact  times 
of  observation,  state  of  the  atmosphere,  instrmnent  used, 
&c.,  are  recorded  in  his  original  notes,  but  are  omitted  here 
for  typographic  reasons,  ifost  of  the  larger  discrepancies 
between  his  observations  and  mine  of  the  same  date,  have 
manifestly  arisen  from  the  use  of  different  comparison- 
stars,  some  of  them  poorly  determined.  Difference  of  at- 
mospheric conditions,  even  at  the  same  approximate  hour, 
must  have  affected  our  relative  results. 

Mlra.  In  my  early  observations,  Mira  was  near  the 
horizon,  and  was  compared  only  with  distant  stars.  On 
several  dates,  indicated  by  a  semicolon  (Jan.  3,  4  and  13), 
the  observations  were  taken  during  interruption  from  visi- 
ble clouds,  and  that  of  Jan.  13  is  rejected.  On  other  even- 
ings there  were  neighboring  clouds,  wliich  may  account  for 
part  of  the  apparent  fluctuation.  The  coincidence  of  a 
slight  depression  noted  by  ilr.  Pekrv,  on  Jan.  15,  with  my 
results,  tends  to  show  actual  fluctuation  in  the  .star.     The 


maxima  given  are  the  two  principal  smoothed  crests,  and 
are  not  affected  by  the  rest  of  the  light-curve.  At  the  time 
corresponding  to  Max.  C,  of  last  jear  (A.J.  346),  tliere 
were  three  stormy  days.  Observations  for  color  were  made 
upon  a  plan  nearly  identical  with  that  of  Chandler,  (A.J. 
VIII :  137),  the  restilts  of  which  are  not  yet  fully  reduced  ; 
but  it  seems  probable  that  the  redness  of  Mira  has  increased 
its  photometric  brightness. 

(857).  The  liglit-curve  has  proved  so  fluctuating  that  I 
consider  only  the  one  maximum  repeated  from  my  former 
series  available  in  determining  the  period.  Apparently 
there  is  a  disturbance  at  each  third  maxinnim;  but  cloiuly 
weather  has  prevented  my  establishing  it  except  on  Nov.  28. 
These  four  maxima  are  rejected.  The  interpolation  of  the 
fraction  of  a  day  is  uncertain,  even  in  the  cases  where  the 
two  nearest  dates  were  clear.  From  the  seven  remaining 
maxima,  I  deduce  the  elements  3213.52  +  17.39  E,  with 
which  the  observed  maxima  are  compared  in  the  following 
table.  A  local  correction  of  the  standard,  derived  from 
comi)arison  with  other  groups  of  +0".36  has  been  apiilied. 
There  has  been  no  appreciable  change  in  the  average  mag- 
nitude. 

Comparison-Stars.  In  the  lists  of  Comparison-Stai.'=, 
there  are  groups  repeated  from  my  former  catalogue,  with 
later  and  better  determined  magnitudes.     In  such  groups, 
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wherever  «  >  (3,  the  magnitude  given  is  entirely  independent 
of  all  observations  prior  to  the  date  given,  and  n  represents 
only  new  observations.  jMany  comparisons  have  been  made 
with  surrounding  groups  to  eliminate  local  errors  of  stand- 

Results   of  Obsekvatioxs. 


ard.  The  column  n  affords  an  indication  which  stars  have 
been  chiefly  used  in  the  comparisons,  the  relative  magni- 
tudes of  which  are  best  determined. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W 

Remarks 

IHOO-G 

103 

T  Andromedae 

Max. 

3432.6 

Aug.  26 

55 

+    1 

9 

Yendell's  elements,  A.J.  335 

{( 

a 

:\Iin. 

3614    : 

Feb.  24 

56 

_ 

1 

M  —  m  <  100,  probably  <  80 

107 

T  Cassiopeifie 

Max. 

3414 

Aug.    8 

20 

-    1 

5 

Assuming  max.  to  be  subsequent  to  Aug.  2 

114 

S  Ceti 

Max. 

3496.0 

Oct.  29 

26 

+  11 

9 

A  minor  crest  17  days  eai-lier 

434 

S  Pise  ill  11/, 

Max. 

3503 

Nov.    5 

27 

-46 

5 

Agrees  with  last  year 

466 

U  Pisriiiill. 

Max. 

3595 

Feb.     5 

34 

0 

5 

An  interval  of  18  days 

513 

a  Ptscinin 

:\[ax. 

3596 

Feb.     6 

31 

+   3 

9 

Curve  much  flatter  than  last  year 

782 

E  Arietis 

iMax. 

3474 

Oct.     7 

57 

-13 

7 

Obsns.  of  Oct.  20  seems  abnormal 

806 

0  Ceti 

Max.  A 

3563.S 

Jan.     4 

32 

+  27 

9 

See  note  above 

a 

a 

Max.B 

3575.2 

Jan.  16 

32 

+  38 

9 

Brighter  than  the  highest  last  year 

845 

R  Ceti 

Max. 

3550.8 

Dec.  22 

63 

+   2 

9 

Changes  at  max.  rapid 

(857) 

-  Ceti 

Max. 

3248.3 

Feb.  23 

<> 

0 

6 

1895;  see  note  above 

il 

i( 

]\Iax. 

3457.0 

.Sept.  20 

14 

+  .02 

4 

1896 ;  four  successive  days 

ii 

ii 

Max. 

3474.5  : 

Oct.      7 

15 

+  .13 

1 

Descent  only  seen 

a 

ii 

Max. 

3491.5 

Oct.   24 

16 

-.26 

5 

4  obsns.  on  3  successive  days 

a 

ii 

Max. 

3509.3 

Nov.  11 

17 

+  .15 

5 

Half  weight  for  one  obs.  during  clouds 

n 

ii 

]\Iax. 

3526    : 

Nov.  28 

18 

5 

Obsns.  on  Nov.  28  prove  irregularity 

a 

il 

xMax. 

3543.9 

Dec.  15 

19 

-.03 

5 

Well  determined  regular  maximum 

li 

ti 

JIax. 

3561.4 

Jan.     2 

20 

+  .08 

3 

Rejecting  obsns.  of  .Jan.  2 

<( 

ii 

Max. 

3578    : 

Jan.  19 

21 

3 

Interruptions  ;  no  regular  max.  shown 

il 

ii 

Max. 

3595.8  : 

Feb.     5 

22 

-..30 

1 

Estimated ;  clouds  on  nearest  date 

a 

ii 

Max. 

3613.5? 

Feb.  23 

23 

+  .01 

2 

Cloiuls  on  date  of  max. 

iC 

ii 

Max. 

3630.8  : 

Mar.  11 

24 

-.08 

1 

Clouds  for  several  days ;  uncertain 

893 

U  Ceti 

Max. 

3527.1 

Nov.  29 

17 

-   3 

9 

906 

R  Trl<tn<jull 

INIax. 

3502.0 

Nov.    4 

7 

+  27 

9 

Nearly  corresponds  with  tlie  second  max.  of  last  J 

an. 

a 

li 

Min. 

3046 

Mar.  27 

8 

+  28 

1 

Mean  of  last  two  observations 

1113 

U  A r let  is 

Max. 

3501 

Nov.    3 

3 

-48 

5 

Light-cm've  greatly  changed 

1222 

R  Persel 

Min. 

3541 

Dec.  13 

60 

+   1 

3 

1386 

TEridanl 

Max. 

3587 

Jan.  28 

— 

- 

5 

Provisional  pei'iod  of  253  days  suggested 

1577 

R  Taurl 

Max. 

3604.4 

Feb.  14 

38 

—   8 

9 

1582 

STaiirl 

Max. 

3590 

Jau.  31 

35 

-   8 

4 

1800 

W  Orlonis 

— 

— 

_ 

- 

- 

- 

Changes  very  slow.     See  A.J.  366 

1803 

T  Leporls 

Max. 

3511 

Nov.  13 

_ 

- 

4 

Including  Paul's  obsns.  in  A.J.  358 

1805 

V  Oi'lonis 

Min. 

3522    : 

Nov.  24 

7 

- 

0 

Elements  A.J.  347  and  350 

a 

a 

Max. 

3656 

Apr.     6 

7 

+  16 

5 

A  very  nearly  equal  crest  16  days  earlier 

— 

DM.  +  3°764 

_ 

— 

— 

- 

- 

_ 

See  A.  J.  Ml.     No  variation  yet  shown 

1944 

S  Orlonis 

Max. 

3597.4 

Feb.     7 

23 

+  26 

9 

Correction  slowly  increasing 

2100 

U  Orlonis 

Max. 

3631.8 

Mar.  12 

10 

+   4 

9 

Obsns.  for  redness  not  yet  reduced 

2445 

W  Monocerotls 

_ 

— 

- 

— 

- 

- 

Nothing  satisfactory  yet 

2478 

R  Li/ncis 

Min. 

3019    : 

Feb.  29 

21 

— 

- 

At  least  three  weeks  earlier 

2780 

T  Gemlnorum 

:\Iax. 

3636 

Mar.  17 

60 

-19 

8 

2946 

R  Cane r I 

Jlax. 

3525 

Nov.  27 

44 

0 

1 

Probably  earlier;  inconsistent  with  last  year. 

Individual  Observatioks. 


103  T Andromedae. 
(Continued  from  346.) 
Mag. 

9.91, 
9.31," 
9.07;; 
8.8.3.; 
8.761 


Julian    Calendar 

ll                 1895 

3408.6  Aug. 

0 

3421.6 

15 

3424.6 

18 

3428.6 

22 

3431.6 

25 

103  TAndrow.- 

—  Cont. 

103  T  Androm. 

—  Cont. 

103  T  Androm 

Jnlian    Calendar 

Mag. 

Julian    Calendar 

Mag. 

Julian    Calendar 

ll              18115 

ll            1995-<i 

d                1396 

3434.6           28 

8.84., 

3510.5  Nov.  12 

10.52, 

3574.5            15 

3441.6  Sept.    4 

9.05, 

3539.6  Dec.    11 

11.44 

3592.5  Feb.     2 

3442.6              5 

8.94., 

3544.5            16 

1150, 

3602.5            12 

3447.6            10 

9.04, 

.3561.5  Jan.     2 

12.4.5, 

3606.5            16 

3481.6  Oct.    14 

9.32, 

.3571.5            12 

12.6] 

3622.5  Mar.     3 

-Cont. 

Mag. 

12.9 

12.9 

12.9 

13.1] 

12.8] 


107  T  CassiojH 

iae. 

(Continued  from 

346.) 

Julian    Calendar 

Mas. 

a                 1895 

3408.6  Aug.    2 

8.11., 

3421.6            15 

8.12, 

3431.6           25 

8.36, 
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114  SCeti. 
(Continued  from  314.) 
iliij; 


.luliun    Calendar 

344S.6  Septi'^ll 
34(>it.G 
.•i4(iS.{J  Oct 
3474.5 


23 

1 

7 

14 

18 

liO 

•_'4 

28 

29 

1 


3481.(5 
348o.i> 
34S7.5 
.Uyi.o 
34<».j.G 
3490.."; 
341)9.5  Nov. 
3501.5  3 

3502.5  4 

3513.6  Nov.  15 
3515.6  17 
3517.6  19 
3532.6  Dec.  4 

434  5  Fill! II  1,1. 
(Continued  from  34G.) 

3454.6  SepTl7  10.7] 

3476.6  Oct.    10  10.82., 

3491.5           24  9.97., 

3515.5  Nov.  17  10.44.. 

3542.6  Dec.  14  10.43., 
3550.5           22  10.67o 

466  U  Pisriiiiii. 
(Continued  from  346.) 


9.85., 
9.32.' 
8.14., 
7.53., 
7.66.' 
7.49.' 
7.60., 
7.56., 
7.45.. 
7.24. 
7.65. 
7.75.. 
7.52'„ 
7.9i'" 
S.Oi- 
7.91- 
8.7p 


3571.5  Jan. 
3574.5 
3592.5  Feb. 
3602.5 
3606.5 

513  R  Pisrliim. 
(Continued  from  346 

1S06 

3570.5  Jan.   11 
3571.6 


12 
15 

o 

12 
16 


11. 
11. 
10 
10 
10 


3573.6 
3574.5 
3575.5 
3577.5 
3581.5 
3586.5 
3588.5 
.3592 


Feb 
3600.6 
3607.5 
.3612.5 
3615.5 

782  R  Arietis. 
(Continued  from  346 

3448.6  Sept.  11 


12 
14 
15 
16 
18 
22 
27 
29 
2 
10 
17 
22 
25 


10 
10. 

9. 

9. 

9. 

9. 

8. 

8 

8. 

8 

8. 

8. 

8 

9 


3460.6 

.3468.6  Oct. 

3477.6 

3482.6 

^  185.6 

.•U87.0 

3495.6 


23 
1 
10 
15 
18 
20 
28 


3 

57., 
54.' 
79; 

87; 
) 

12., 

3p^ 

9i' 

6p 

57. 

4p" 

95., 

85^ 

281 

62., 

85: 

61. 
Olj 

) 

,77„ 

sg.; 
.30; 

.38; 
.26: 

50. 
.92; 
85, 


806  0 

Ceti 

1 

(Continued  from  346.) 

.Tulian    Calendar 

Mag. 

iHyo-a 

3502.5  Nov. 

4 

9.2 

3517.6 

19 

9.2 

3528.5 

30 

8.56., 

3531.7  Dec. 

3 

7.8p" 

3540.7 

12 

7.6p 

3542.5 

14 

8.50 

3542.6 

'• 

7.6i> 

3543.5 

15 

8.40 

3544.6 

16 

7.9p 

3550.5 

00 

7.30, 

3559.5 

31 

5.56.,  1 

3560.4  Jan. 

1 

4.73:! 

3561.4 

0 

4.70:! 

3562.4 

3 

5.55.,: 

3562.5 

a 

4.72., 

3563.4 

4 

3.31.,; 

3563.5 

(1 

4.52.,; 

3564.4 

Ti 

3.S2. 

356.-).  4 

6 

4.4.-)3, 

3565.5 

it 

4.62.,' 

3567.5 

8 

4.80. 

351)8.6 

9 

4.39, 

3570.4 

11 

3.77., 

3570.5 

ii 

4.0p' 

3571.5 

12 

3.68., 

(4 

ii 

4.1  p 

.3571.6 

ii 

4.47. 

3572.5 

13 

(5.35^;) 

3573.4 

14 

3.43., 

806  o  Ceti  - 

Julian    Calendar 

■I  i^'.« 

3621.5  Mar.     '1 
3624.5  5 

8627.5  8 


Com. 
Mag. 

3.89. 
3.S8: 
3.75: 
4.1p 
4.94. 


3632.5     13 

845  /.*  Ceti. 
(Continued  from  340.) 


3517.6  Nov. 

3540.6  Dec. 

3542.5 

3544.5 

3546.5 

3550.5 

3559.5 

3560.5  Jan. 

3562.5 

35()3.5 

3570.6 

3571.6 

3574.5 

3577.5 

3577.6 


19 

12 

14 

16 

18 
00 

31 

1 

3 

4 

11 

12 

15 

18 


11.8] 
9.46. 
9.54: 
9.55: 
9.37: 
8.94: 
9.29: 
9.47: 
9.37: 
9.15: 
8.9p 
9.1p 
9.0p 

10.05 
9.6p 


(857)  Ceti. 
(Continued  from  346.) 

3448.6  Septfl  1 


00  i  0.0 

3574.4 

3574.5 

3575.4 

3575.5 

3577.4 

3577.5 

3581.4 

3585.4 

3586.4 

3587.4 

3587.5 

3588.4 

3588.5 

3589.5 

3592.4  Feb. 

3596.4 

3597.5 

3600.5 

3601.5 

3602.5 

3604.5 

3606.5 

3607.5 

3608  5 

3609.5 

3611.5 

3612.5 

3614.5 

361.5.5 

3617.5 


15 

16 
18 

a 

22 
26 
27 
28 

29 

ii 

30 
2 

6 
7 
10 
11 
12 
14 
16 
17 
18 
19 
21 
22 
24 


3.4p  I 

3.71.' 

3.6p'j 

2.28. 

3.22: 

3.37. 

3.3p" 

3.23. 

3.35. 

3.12. 

2.98. 

3.764 

2.88. 

3.36.. 

3.62. 

2.49. 

3.. 58: 

3.56. 

3.96. 

3.62. 

3.26. 

4.O63 

3.784 

3.68. 

3.91 

4.38, 

3.15., 

3.39. 

3.31, 

3.29, 

4.07, 


3450.6 

3451.6 

3452.6 

3454.6 

3455.6 

3456.() 

3457.6 

3474.6  Oct. 

3475.6 

3476.6 

3477.6 

3481.6 

3482.6 

3488.6 

3490.6 

.3491.51 

3491.61 

3492.64 

351)8.6  Nov. 

;!509.6 

351(1.5 

3525.6 

3526.5 

3526.6 

3527.5 

3528.5 

3533.6  Dec. 

3540.6 

it 

3542.5 

it 

3543.5 
3544.4 
3544.5 


13 
14 
15 
17 
IS 
19 
20 
7 
8 
9 
10 
14 
15 
21 
23 
24 


10 
11 
11' 
27 
28 

a 

29 

30 

5 

12 

(C 

14 

a 

15 
16 


8.79. 
8.69^ 
8.92.3 
8.84., 
8.73,, 
8.70., 
8.463 
8.593 
8.6O3 
8.65., 
8.72,, 
8.82. 
9.23: 
8.88: 

8.79: 

8.69,, 

8.343 

8.49. 

8.96., 

8.883 

8.543 

9.044 

8.C>i  3 

8.883 

8.83, 

8.863 

9.14. 

8.9p 

8.85. 

8.6p 

9.04. 

8.6p' 

8.673 

8.683 

8.79, 

8.9p 


(857 
Julian 

3544'.'6 
3544.7 
3545.6 

3546.5 

(I 

3547.5 
3550.5 
3559.5 
35()0.5 
3.561.5 
3562.5 
3563.5 
3570.5 
3571.6 
3574.5 
3575.5 
3577.5 
3577.6 
3579.6 
3581.5 
3596.5 
3597.5 
3611.5 
3612.5 
3614.5 
3615.5 
3624.5 
3626.5 
3627.5 
3628.5 
3631.5 


)  Ceti.— 
Calendar 

Dec.   16 

a 

17 
18 


Jan. 


Feb. 


Mar. 


19 

22 

31 

1 

2 

3 
4 
11 
12 
15 
16 
18 

il 

20 

22 

6 

7 

21 

22 

24 

25 

5 

7 

8 

9 

12 


font. 
Mag. 

8.94.. 
8.85., 
9.12. 
8.39I 
9.2 
9.23^ 
8..')0 
8.853 
8.783 
8.64^; 
8.54. 
8.91:, 
8.6p 
8.6p 
8.6p 
8.83. 
9.O83 
8.6p 
9.34: 
9.71. 
8.62: 
9.26., 
8.7O3 
8.9I3 
8.95, 
9.5O3 
9  23 
9.19., 
9.4(5.3 
9.18 
8.6 


893  U  Ceti. 


(Continued  from  346.) 

ISOo 

3485.6  Oct.  18 


3516.6  Nov. 

3519.6 

3519.7 

3525.6 

3528.5 

3532.5  Dec. 

3533.6 

3542.6 

3544.6 
3545.6 


18 
21 

ii 

27 

30 

4 

5 

14 

U 

16 
17 


10.0 
7.91. 
7.91.: 
7.3p' 
7.60. 
7.35: 
7.71: 
8.09.. 
7.97. 
7.6p 
7.56. 
7.82: 


906  R  Trimnjiili. 
(Continued  from  340.) 

18% 

3427.6  Aug.  21 
3442.6  Sept. 
3448.6 
345(5.6 
3468.5  Oct. 
3477.5 


WtihTrianiiiili.- 
Julian    Calendar 

3499.5  Nov.     1 
3.1()1.5 


3482.5 
3485.6 
3487.5 
3491.6 
3495.6 
3496.5 


o 
11 
19 

1 
10 
15 
18 
20 
24 
28 
29 


10.4 

10.1 
9.70. 
8.95: 
8.34: 
7.42: 
6.89. 
6.43. 
6.12: 
5.78: 
5.55, 
6.05: 


3502.4 

3503.5 

3510.6 

3515.5 

3525.6 

3597.5  Feb. 

3604.5 

3612.5 

3624.5  Mar. 

3632.5 

3640.5 

3652.5  Apr. 


3 

4 

5 

12 

17 

27 

7 

14 

1;! 


-Cont. 
Mag. 

5.66, 

5.63: 

5.44:, 

5.73. 

6.21: 

6.10: 

6.22: 

9.8  ' 

10.83. 

11.03: 

11.04: 

ll.C.d. 

i2.»M>: 
11.99: 


1113  I '  Arietis. 
(Continued  from  346. 

3460.6  Sept.  23     10. 

3469.6  Oct.      2 

3485.6 

3495.6 

3517.6  Nov 


3525.6 


18 
28 
19 


J.I 
4 
14 
31 


3532.6  Dec 

3542.6 

3559.5 

3574.5  Jan.   15 

3592.5  Feb.     2 

1222  R  I'ersei. 
(Continued  from  340, 

1895.0 

.3491 .6  Oct.  24  11. 

3571.5  Jan.  12  12. 

3575.5  I1;  12. 

3597.5  Feb.  7  11, 

1386  TEriduni. 

1800 

3564.5  Jan.     5  9 

3575.6  ■  16  7. 
3586.5  27  7. 
3588.5 


) 

21. 

9 

67. 

4  " 

79. 

52: 

68: 

,93: 

26: 

,88: 

8 


) 

4 

-'] 

o 

1 


3592.5  Feb. 

3600.6 

3612.5 

3626.5  Mar.  7 

1577  R  Tavri 


29 
2 

10 


(Coiitinue<i  from  3.50. 

i,-;«', 

12  11. 

14  11. 

15  11. 
"  11, 

18.  11, 

"  11. 


3571.5  Jan. 

3573.6 

3574.6 


3577.5 

3577.6 

3592.5  Feb. 
I  3600.6 
i  3604.5 
1  3607.5 
1  3612.5 

3617.5  ■ 

3624.5  Mar. 


2 

10 
14 
17 
22 
27 
5 


10, 
9, 
9 
9 
9 
10 
10 


,3 

59 

32. 

07. 

69. 

,6i: 

31: 

,88: 

) 

1 
Ip 

07. 
3p" 
10. 
Ip" 
26. 
45: 

28: 

50.. 

84: 

53: 

.18: 


N«- 
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1582  S  Tain-!.         \ 

1800   W  Orliiiiln.  —  Cont. 

DM.  +3°764.- 

Cont. 

2100  U  Orlonh. 

2445  Mmiof.  — 

Oont. 

(Continued  from 

3.^0.) 

Julian    Calendar        Mag. 

Julian    Calendar 

Mag. 

(Continued 

from  350.) 

Julian    Calendar 

Mag. 

Julian    Calendar 

li                ISllll 

Mag. 

cl                    l»l« 

3658.5  Apr.     8       6.36., 

a           181)4 
2868     Fob.      8 

11.13 

Julian    Calendar 

il                  IBMl 

Mag, 

(i                 1896 

3633.5  Mar.  14 

10.9 

357 1.5  Jan.  12 

10.4 

3665.5            15       6.83,, 

2887               27 

11.57 

3574.6  Jan. 

15 

9.6p 

3650.6           31 

10.4 

357  L. 7             '' 

10.31' 

2904     Mar.  16 

11.39 

3577.7 

18 

9.8p 

3652.6  .\pr.     2 

9.99,, 

3573.6            14 

10.3i' 

1803  T  LejwrU. 

2915              27 

11.52 

3592.5  Feb. 

2 

8.45., 

3658.5              8 

10.10., 

3574.6            15 

3577.5            18 
3577.6 

9,89,, 
10.3i'' 
10.04,, 
10.  Ip 

1890 

35()3.5  Jan.     4       9.0 

3574.5  15       9.42, 

3600.6  Feb.   10       9.6 
3601.6            11       9.96., 

18% 

3570.5  Jan.  11 
3597.5  Feb.     7 
3624.5  Mar.     5 
3626.5              7 
3632,5            13 
3639.5           20 

3640.5  21 

3643.6  24 
3646.5           27 
3652.5  Apr.     2 
3658.5              8 

1944  S  Orloi 
(Continued  from 

18% 

3570.5  Jan.    11 

11.5  : 
11.5  : 
11.7 
1 1   ")4 

3602.6 
3609.5 
3614.5 
3626.5  Mar. 

12 
19 
24 

7 

7.84!; 
7.55„ 

7.ii; 

6.81, 

3665.5            15 

2478  li  Li/nt 
(Continued  from 

10.28, 

Is. 
350.) 

3592.5  Feb.     2     10.36,, 

3600.6  10     10.16, 
3604.5            14     10.12,, 
3607.5            17     10.67,, 

3624.5  Mar.     5     11.52., 

1800   IV  Oflonls. 

IS'JO 

.")570.5Jau.  11       6.4 

3573.6  14       6.92.. 
3585.6            26       6.91., 
3602.5  Feb.   12       6.75., 

3624.5  ]\Iar.     5     10.52, 

1805  F  Orlo7iis. 
(Continued  from  350.) 

1806 

3570.5  Jan.    11     12.0] 
3575.5            l(j     13.7 
3597.5  Feb.     7     12.5 
3624.5  Mar.    -5     11.5 
3626.5              7     11.23,, 
.3632.5            13     11.00, 
3639.5           20     10.46, 

11.71" 

11.57 

11.6 

11.7 

11.8 

11.68,, 

11.5(i, 

3.')0.) 
9.51,, 

3627.5 
36:{2.6 
3633.5 
3633.6 
3636.6 
3639.5 
3643.5 
3643.6 
3646.5 
3650.6 
3652.5  Apr. 

8 
13 
14 

a 

17 
20 
24 

27 

31 
2 

6.7p 

6.7p 

6.63., 

6.5p 

6.5p 

6.78, 

6.812 

6.8p 

6.84, 

6.8p 

7.26, 

1896 

3577.5  Jan.   IS     12.9] 
3(;01.5Feb.    11      12,9] 
3624.5  Mar.     5     12.1 

2780  T  Geiiilnorinn. 
(Continued  from  308.) 

1896 

3601.5  Feb.   11     11.2 
3609.5            19       9.81  „ 
3627.5  Mar.     S       9.09., 
3633.5            14       9.28, 

3614.5           24 

6.81^; 

3640.5           21     10.351 

3577.5            18 

9.26., 

3652.6 

a 

0.8p 

3639.6           20 

9.06., 

3624  5  Mar.    5 

6.91." 

3(543.6           24     10.67„ 

3585.5            26 

9.04", 

3653.6 

3 

7. Op 

3(546.5            27 

9.36,^ 

3624.6 

6.3p" 

3646.5            27     10.62,, 

3588.6            29 

8.33," 

3655.6 

5 

7.1p 

3658.6  Apr.     8 

9.69", 

3627.5              8 

6.5p 

3652.5  Apr.     2     10.51,, 

3592.6  Feb.     2 

8.26," 

3658.5 

8 

7.322 

6.9p 

7.2p 

2946  R  Cunrrl. 

3632.6           13 
3633.6            14 

6.5p 
6.5p 

3658.5              8     10.28,, 
3665.5           15     10.70, 

3597.5              7 
3602.5            12 

7.41", 
7.56,, 

3658.6 
3665.6 

15 

(Continued  from 

18115 

350.) 

36.36.6            17 
3643.5           24 

6.4p 

6.55,, 

DM.  +  3°764. 

3604.5  14 

3607.6  17 

8.53.": 
7.79, 

2445  W  Monocerotis. 

1896 

3525.6  Nov.  27 
3526.6            28 

6.21, 
6.36„ 

3650.6           31 

6.5p 

28.-54     Jan.   25     11.57 

3611.5            21 

7.65,, 

3601.5  Feb. 

11 

10.9 

3531.6  Die.      3 

6.95,, 

3653.6  Apr.     3 

6.3p 

2857               28     11.56 

3612.6           22 

8.17", 

3624.4  :\Iar. 

5 

10.3    !  3540.6            12 

7.14: 

COMPAKI,SON-S 

TAKS. 

806  o 

Cetl. 

(857)  -  Cefl. 

1386  TErldanl. 

1800  W  Orloiils 

1893-189(5 

1893-1890 

Star           DM. 

Mag.        n 

Star             DJI.           Mag.          n 

Star 

C.DM.          Mag. 

n 

Star          DM.           Mag. 

n 

E"     +3°419 

2.18       29 

/,>       _0-'37S       6.48           6 

pc 

-24°1945       4.73 

OM 

B     +0°923        5.98 

2M 

■^jo     +2°422 

3.14      64 

K       +0°408       8.83           8 

D 

-23°1619       6.22 

3 

C     +1°886        6.58 

3 

L°     +2°317 

3.75      27 

L       _()°;;67      8.61      167 

E 

_24°19S1       6.81 

4.1/ 

IC     +0°975        (;.12 

QM 

I/O     _0°406 

3.87      80 

IL       -0°374       8.59       124 

G 

-25°1557       7.49 

3M 

Z>     +0°988        6.47 

r,M 

P°     +2°290 

4.81        9 

17?       -0°373       9.56       100 

H 

-24°2001       7.90 

6 

H     +0°974        6.63 

6J/ 

2Q°     _3°470 

5.13        6 

I 

-23°1642       8.43 

3 

L     +0°946        7.14 

3 

\E°     -4°502 

4.93        7 

M 

-23°1641       8.99 

6 

IL     +0°957        7.29 

3 

ir°     -1°322 

5.67      32 

P 

-24°1996       9.53 

6 

B     +0°951        8.94 

03r 

U"     _4°436 

5.68        8 

2P 

-25''1563       9.25 

3J/ 

in     +0°959        8.62 

23/ 

III"     _0°355 

5.84        9 

S 

-25°1594       9.20 

OJ/ 

T     +0°933        8.89 

OJ/ 

C       _3°374 

6.39      11 

T 

—  24°2018       9.35 

OJ/ 

IT     +0°95S        8.79 

1 

U 

-25=1664     10.00 

OJ/ 

U 

+  0''915        9.14 

OM 

OBSERVATIONS   OF   COMET  5  189G, 

MADE   AT   THE   U.S.    NAVAL   OBSERVATORY   WITH    THE    12-INCH   EQUATORIAL, 

Bv  Professor  EDGAR  FRISBY. 


[Communicated  by  Prof.  Wm.  Harkness,  U.S.N".,  Astronomical  Director.] 

No. 

#"-* 

^'s  apparent 

log  pA 

1896  Washington  M.T. 5 

* 

CJomp. 

z/a          1          jS 

a            1              8 

for  a       1     for  8 

a      h       in      8 

April  29     8  11  56.5 

May      4     8  13  53.7 

8  18     2.6 

1 

15  ,  3 

in       s 

+  3  25.02 

+  3  53.0 

li        ni       s                           0         '         /' 

3     5  21.61      +50  14  55.3 

9.8135 

0.7591 

o 

20  ,  4 

-3  31.44 

+   2     9.0 

2  38     2.78 

+  58  26     2.9 

9.8437 

0.8102 

3 

20  ,  4 

+  2  39.68 

-  0  25.6 

2  38     2.33 

+  58  26  23.4 

9.8377 

0.8158 

6     9     3  34.2 

4 

20  ,  4 

+  0  17.50 

+   2  50.4 

2  25  13.44 

+  60  57  58.7 

9.7349 

0.8S20 

9     8  58  52.1 

5 

6,2 

-1     2.54 

-19  32.6 

2     4  47.02 

+  64     2  34.0 

9.3927 

0.9264 

14  11  19  20.5 

6 

19  ,  4 

+  4     1.68 

-11  36.3 

1  28  51.75 

+  67  40  51.6 

«9.6378 

0.9060 

15  11  18  57.7 

7 

20  ,  4 

+  2  49.54 

+   6     3.0 

1   21   37.82 

+  68  13  42.0 

??9.6977 

0.8983 

136 
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X>'-  377 


Mean  Places  for  1890.0  of  Com2xi7'isoti-Sta7-f< 


* 

Ki-d.  to 
**                     .11)1).  I'l'**'*" 

8 

lied,  to 
app.  place 

Authority 

I 

•  ) 

1      3 
4 
5 
6 

7 

h       111       .s 

3     1  57.07 
2  40  35.15 
2  35  23.61 
2  24  57.23 
2     5  51.08 
1  24  51.74 
1  18  50.07 

-0.48 
-0.93 
-0.96 
-1.29 
-1.52 
-1.67 
-1.79 

+  50  10  53.2 
+  58  23  46.4 
+  58  26  41.8 
+  60  55     1.9 
+  64  22     0.5 
+  67  52  27.7 
+  68     7  38.3 

+  91 
+  7.5 
+  7.2 
+6.4 
+  6.1 
+  0.2 
+  0.7 

Rogers,  Cainbvitlge  A.G.  Catal.  1391 
Krueger,  Helsiiigt'ois-Gotlia  A.G. Catal.  2515 
Kruegei',  Helsiugfors-Gotha  A.G. Catal.  2447 
Krueger,  llelsingfor.s-Gotlia  A.G.  Catal.  2303 
Krueger,  1  lelsiiigfur.s-Gotlia  A.G.  Catal.  1959 
Fcarnley,  Cliristiania  A.G. Catal.  285 
Feaniley,  Cliristiania  A.G.  Catal.  261 

OKBIT   AND   EPIIEMEKIS   OF   COMET  b  189U  (siriFT), 

By  K.  G.  AITKE.N. 
The  orbit  and  epheiueris  of  Comet  b  1896  given  below 
are  based  upon  the  following  normal  places: 

Api).  8 

+23"  10  1(1.7 
+  51  7  42.6 
+  71  38  25.3 


G.M.T. 

April  18.5 
30.0 

App.  u 

ll         111         6 

3  37     4.59 
3     3  14.78 

:\Iav    25.5 

0  11   12.87 

The  times  are  corrected  for  aberration  and  Ihe  places  for 
parallax. 

The  normal  places  Avere  formed  in  the  usual  manner 
from  the  following  observations: 

I.  Mt.  Hamilton,  Hussev,  April  16,  April  17  (2) ;  Aitkex, 

April  19;  Algiers,  Kambaud  and  Sy.,  April  18  (4), 
April  19(2);  Hamburg,  ScHonK.  Ainil  19(2);  Kiel, 
Lamp,  April  19. 

II.  Mt.  Hamilton,  Hu.ssey,  April  27,  April  30,  May  2; 

Hamburg,  Schokk,  April  28(2). 
Ill     Mt,  Hamilton,  Aitkex,  May  23,  24(2),  25,  26. 

El.E.ME.MS. 

T  =   Greenwich  M.T..  Ajiril  17.64665 

S2  =   178"  15  58.\  ) 
/  =     55  34  16.0  [  1896.0 
o)  =       1  44     7.6  ) 

logq   =   9.753114 

Residuals  for  the  middle  place,  (O  — C)  : 

z/Acos/3  =    -0".4     ,     J/3  =    -0".5. 

Mt.  Hamilton,  1S96  June  1. 


COXSTAXT.S    KOU   THE   Eqi'atou,    1S96.0 

.»■  =  >■  [9.999865]  sin  (270  45  17.8 +cj 
>/  =  )•  [9.927969]  sin  (179  51  28.1 +  y) 
,t  =   >•  [9.725835]  sin(     3     1  57.7 +  r) 

EriiEMEKis  FOR  Gkkkxwicu  I\Ieax  jMidxight. 


1800 
June  12.5 

App.  a 

h         111       8 

22  10  50 

14.5 

21 

58  28 

16.5 

21 

46  24 

18.5 

21 

34  42 

20.5 

21 

23  23 

22.5 

21 

12  30 

24.5 

21 

2     5 

26.5 

20 

52  10 

28.5 

20 

42  44 

30.5 

20 

33  49 

Julv     2.5 

20 

25  26 

4.5 

20 

17  33 

6.5 

20 

10  11 

8.5 

20 

3  19 

10.5  19  56  56 

12.5  19  51     3 

14.5  19  45  37 

16.5  19  40  37 

18.5  19  36     3 


App.  8  log  )•  log  A  Br. 

+  7238.4     0.1072     0.05(15     0.062 

72  27.4 

72  13.1  0.1284  0.0637  0.053 

71  55.5 

71  34.6  0.1485  0.07()0  0.045 

71  10.6 

70  43.4  0.1676  0.0875  0.039 

70  13.1 

69  39.9  0.1857  0.0983  0.034 

69  3.9 

68  25.1     0.2029     0.1088     0.030 

67  43.7 

66  59.8     0.2194     o.llKO     O.OL'7 

66  13.4 

65  24.9  0.2351  0.1290  0.024 

64  34.2 

63  41.6     0.2501     0.1390     0.021 

02  47.2 

+  61  51.2     0.2645     0.1492     0.019 


The  brightness  on   April   1.3,  the  date  of   discovery,   is 
taken  as  the  unit. 


CORRIGENDUM. 

No.  :3T(i,  p.  127,  line  7  from  below;    for     8  = +27°  55' 51".7    put     8  = +27°  35' 51". 7. 


C  O  X  T  E  N  T  .S  . 
The  Gf,sf.k.\i.  PERTrnnATiox.'!  of  Nem.\csa  (51)  of  tue  Fihst  Ohder  by  JupirKu,  by  Puof.  A.  H.\i.l. 
Notes  ox  Vakhbi.e  Stabs  —No.  13.  by  Mi;.  IIenhv  M.   Paukhcbst. 

OUSEUV.tTIOXS   OF    CoMET  6  189G.    BY    PitOF.   EdGAR    FltlSBV. 

Orbit  anh  Kphemeris  of  Comf.t  6  1896.  by  Mr.  R.  G.  Aitkex. 

Corrigendum. 
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RESULTS   OF    KESEAECIIES    ON    THE 

By  T.  J 
Some  three  years  ago  1  entered  upon  au  examination  of 
the  present  state  of  our  knowledge  respecting  the  orbits  of 
double  stars.  The  outcome  of  tliis  investigation  lias  been 
a  new  determination  of  all  the  orbits  which  can  be  defined 
with  anything  like  a  satisfactory  degree  of  precision.  A 
complete  survey  of  the  observations  since  the  time  of  Sir 
William  Herschel  has  enabled  me  to  determine  the  orbits 
of  forty  stars.  While  the  changes  which  future  observa- 
tions niay  require  in  tlie  different  orbits  will  of  necessity 
be  somewhat  unequal,  they  will  yet  on  the  whole  be  snuiU, 
and  it  is  not  probable  that  the  corrections  for  any  of  the 
elements  will  introduce  modifications  of  a  radical  character. 
Among  these  forty  stars  we  find  that  one  was  discovered 
by  RiCHAuu  ;  one  by  Bradley  ;  fourteen  by  Sir  Willi.a^m 
Hkkschel;  two  by  Sir  John  Herschel  ;  five  by  William 
Stkuve;  eight  by  Otto  Struve  ;  two  by  Alvan  Clakk  ; 
one  by  Alvas  G.  Clark;  one  by  Winlock;  and  five  by 
S.  W.  Burxham. 

The  great  mass  of  observational  material  upon  which 
our  orbits  rest  is  tlie  outcome  of  the  patient  labor  of  a  cen- 
tury. The  problem  before  the  early  observers  was  to  deter- 
mine tlie  relative  positions  of  double  stars,  in  order  that 
when  their  motions  should  develop,  astronomers  of  succeed- 
ing generations  might  use  the  accumulated  observational 
material  for  investigating  the  nature  of  the  orbits,  and  for 
studying  the  relations  of  the  solar  system  to  other  systems 
in  space.  These  important  considerations  lend  to  double- 
star  astronomy  a  dignity  which  is  not  unworthy  of  the 
great  names  associated  with  its  development.  Besides  the 
discoverers  mentioned  above,  such  observers  as  Dawks,  JMad- 
LEK,  Dembow.ski,  Engklmaxn,  Hall  and  Schiai-arelli 
deserve  the  gratitude  of  mankind  for  their  untiring  devo- 
tion to  the  micrometrical  measurement  of  double  stars. 
The  work  of  Willi.4.m  and  Otto  Struve,  Dawes,  Dem- 
BowsKi,  Engelmaxx.  Hall,  Schiaparelli  and  Burnham 
is  especially  important  to  the  computer,  because  the  records 
extend  continuously  over  many  years,  and  give  to  the  re- 
sults a  degree  of  homogeneity  which  is  not  found  in  the 
measures  of  the  more  sporadic  observers.  Yet  even  the 
smallest  contribution  of  exact  measures  is  a  welcome  addi- 
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J.  SEK. 

tion  to  our  knowledge,  and  sometimes  proves  to  be  of  the 

highest  importance  in  the  determination  of  orbits. 

The  process  which  I  have  adopted  in  my  researches  is 
essentially  a  modification  of  the  method  of  Klinkerfues. 
The  records  of  individual  observers  are  grouped  into  suita- 
ble annual  means,  and  use  is  made  of  both  angles  and 
distances.  The  ijoints  thus  defined  are  regarded  as  approxi- 
mate normal  places  which  are  subject  to  two  conditions  : 

(1)  That  the  areas  swept  over  by  the  radius  vector  shall 
be  proportional  to  the  time  ;  and 

(2)  That  the  orbit  which  satisfies  the  law  of  areas  shall 
conform  also  to  the  observed  distances. 

In  both  cases  reasonable  allowance  must  be  made  for 
personal  peculiarities  of  observers,  and  for  the  various 
accidental  and  systematic  errors  to  which  the  measures  are 
subject.  These  errors  are  in  general  so  large  compared  to 
the  quantities  sought,  that  in  the  present  state  of  double- 
star  astronomj-  we  seldom  have  occasion  to  apply  corrections 
of  a  very  minute  character,  and  for  this  reason  I  have  made 
no  attempt  to  introduce  refinements  which  are  not  war- 
ranted by  the  existing  state  of  the  observational  material. 
In  perhaps  half  a  dozen  cases  definitive  determinations 
might  be  undertaken  with  advantage,  but  it  is  doubtful 
whether  it  would  be  possible  to  effect  a  sensible  improve- 
ment over  the  results  obtained  by  the  process  of  empirical 
adjustment  here  employed.  In  this  work  the  observations 
were  plotted  on  a  convenient  scale,  and  in  each  case  au 
apparent  ellipse  was  found  which  satisfied  the  distances  and 
pireserved  the  law  of  areas;  fine  planimeter  measurement 
rendered  the  approximation  to  this  apparent  ellipse  com- 
[laratively  rapid,  and  the  result  was  finally  checked  by 
deriving  the  elements  and  comparing  the  computed  with 
the  observed  places.  When  the  law  of  gravitation  is  as- 
sumed, and  the  apparent  ellipse  which  satisfies  the  necessary 
conditions  is  taken  as  the  projection  of  the  real  orbit 
described  by  the  companion  about  the  principal  star  in  the 
focus,  the  elements  are  easily  deduced  by  the  method  of 
Klinkerfues.  Proceeding  in  this  manner  we  have  ob- 
tained the  elements  of  the  forty  double  stars  given  in  the 
accompanjdng  table. 


*  Read  by  invitation  before  the  National  Academy  of  Sciences,  at  tlie  Washington  meeting,  1S96  A}}ril  22, 
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The  apiiro-ximate  places  of  tlie  stars  are  referred  to  the 
equator  and  mean  equinox  of  1900.0.  On  glancing  over 
the  major  axes  it  will  be  seen  that  the  most  interesting  and 
most  rapid  stars  are  so  extremely  close  that  their  angular 
separation  seldom  surpasses  one  second  of  arc.  As  one- 
tenth  of  a  second  is  the  limit  of  exact  measurement  with 
our  present  optical  means,  it  will  be  evident  that  although 
the  errors  of  observation  are  small  absolutely,  they  are  yet 


very  large  in  comparison  with  the  whole  distance  to  be 
measured.  Under  such  conditions  estimates  by  skilled  ob- 
servers are  often  as  good  as  and  sometimes  better  than 
measures  determined  by  actual  settings  of  the  micrometer. 
It  will  readily  be  understood  that  in  dealing  with  sueh 
material  the  theory  of  errors  is  of  little  use,  and  the  exer- 
cise of  judgement  is  above  all  things  demanded  of  the 
computer. 

Repclts  Of  Reseakches  on  the 
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I  have  indicated  in  the  above  table  the  probable  uncer- 
tainty still  attaching  to  the  periods  and  the  eccentricities, 
and  it  is  easy  to  see  from  these  possible  variations  about 
the  extent  to  which  the  other  elements  may  be  altered.  In 
some  cases  these  estimated  variations  nmy  prove  to  be  too 
small,  biit  care  has  been  exercised  to  avoid  over-estimation 


(*)  Angle  Per.  =  169°.5. 
of  the  accuracy  of  results,  and  hence  the  values  given 
above  are  not  likely  to  prove  very  deceptive.  Assuming 
that  these  variations  are  reasonably  trustworthy,  it  is  satis- 
factory to  know  that  at  length  so  many  orbits  have  been 
found  with  such  considerable  precision. 

The  most  striking  characteristic  of  the  orbits  of  double 
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stars  is  their  remarkable  eccentricities.  It  appears  from 
the  results  given  above  that  the  averaije  eccentricity  is  0.45, 
or  about  twelve  times  the  mean  value  deduced  from  the 
orbits  of  the  planets  and  satellites.  If  we  divide  the 
region  of  elliptic  eccentricity  from  0  to  1 .0  into,  say,  ten 
parts,  and  ascertain  the  number  of  orbits  falling  in  the 
several  intervals,  it  will  be  found  that  none  lie  between 
0  and  0.1 ;  two  between  0.1  and  0.2;    four  between  0.2  and 

Okbits  of  Fortv   Bixaky   Stahs. 


0.3;  eight  between  0.3  and  0.4  ;  nine  between  0.4  and  0.5; 
nine  between  0.5  and  0.0  ;  two  between  0.6  and  0.7  ;  four 
between  0.7  and  0.8 ;  t\\-o  between  0.8  and  0.0 ;  none  be- 
tween 0.9  and  1.0. 

If  now  we  represent  these  results  grax^hically,  using  tlie 
.-r-axis  as  the  axis  of  eccentricity  and  the  y-axis  as  that  of 
number  of  orbits,  we  shall  find  that  the  curve  of  distribu- 
tion of  orbits  has  a  maximum  near  0.45  in  the  region  of 
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0.712 

0.475 

0.781 

5     ;  6 

2.51 

yellowish 
yellowish 
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3.9  ;  4.4 

1.59 

yellow 
yellow- 

,        . 

44.6 

59.5 

—    2.3575 

4.906 

3.661 

72.2 

252.1 

1.033 

1.045 

0.180 

5.5  ;  5.5 

1 

yellowish 
yellowish 

.        . 

75.7 

87.3 

+  13.015 

1.060 

0.477 

2.5 

176.6 

0.194 

0.645 

0.828 

4     ;  6 

6.31 

yellow 
yellowish 

0.089 

53.2 

30.4 

+  2.7907 

1.288 

0.43 

0.3 

215.2 

0.173 

1.480 

0.616 

6      ;  7 

:    2.51 

yellow- 
yellow 

o.O(;4 

29.8 

00.5 

-31.441 

0.904 

0.171 

22.2 

22.2 

0.075 

0.930 

0.532 

4.5  ;  5.0 

:    1.59 

yellow 
yellow 

0.300 

20.1 

39.4 

-31.5236 

0.555 

0.1.30 

115.7 

30.2 

0.032 

1.390 

0.503 

4.3  ;  5.0 

:    1.91 

yellow-ish 
yellowish 

68.6 

87.9 

+  15.0 

1.52 

1.00 

118.0 

18.2 

0.197 

0.610 

0.062 

0.0  ;  10 

:  39.81 

yellowish 
bluish 

1.288 

80.3 

65.8 

mean  elliptic  eccentricity,  and  falls  rapidly  in  either  direc- 
tion. It  appears  therefore  that  if  we  had  an  indefinite 
number  of  orbits  the  resulting  illustration  would  become 
essentially  a  probability-curve  with  maximum  near  0.45. 
Witliout  touching  upon  the  theoretical  significance  of  this 
remarkable  law  of  the  eccentricity,  we  may  add  that  although 


in  any  particular  case  the  eccentricity  of  an  orbit  might 
depart  from  the  mean  here  indicated  as  the  most  probable 
value,  the  prevailing  tendency  towards  this  mean  region 
will  on  the  whole  prove  useful  to  computers.  Owing  to 
the  high  eccentricities  and  the  various  inclinations  of  the 
orbits,  it  is  not  safe  for  observers  to  assume  that  the  motion 
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of  stars  whose  orbits  are  unknown  is  anything  like  uniform 
in  diflferent  parts  of  the  apparent  ellipses;  for  a  shortening 
of  the  radius  vector  often  takes  place  very  suddenly,  and 
as  the  areas  are  constant,  this  change  will  iniplv  rapid  an- 
gular motion.  Several  cases  have  occurred  in  which  an  arc 
of  180°  has  been  s\vei)tover  in  a  single  year,  and  if  obser- 
vations could  only  be  secured  in  this  part  of  the  orbit, 
where  the  motion  is  rapid,  the  definition  of  the  elements 
would  be  greatly  facilitated. 

The  foregoing  table  includes  data  detrning  tlie  dinnMisions 
and  positions  of  the  apparent  orbits,  with  the  magnitudes, 
colors  and  light-ratios  of  the  stars.  As  it  seemed  of  inter- 
est to  apply  the  theory  of  the  relative  motion  of  the  com- 
ponents of  a  binary  in  the  line  of  sight,  developed  in 
Astronoiiiisrhe  Xarhrifhten  3314,  we  have  moreover  investi- 
gated the  present  orbital  velocity  of  each  star  in  units  of 
tlie  radius  of  the  hodograph,  and  also  determined  what  part 
of  this  motion  is  in  the  line  of  sight  at  the  epoch  lSHr>..")0; 
the  results  of  these  computations  are  given  in  the  columns 

marked    -  and  ±  -  ,     and  may  prove  useful  to  workers  iu 
up 

spectroscopic  astronomy.  It  is  to  be  remarked  that  rj  ('asslo- 
pene,  a  Canis  Mu juris,  F.9  Argus,  i  Bootts,  y  Coronae  Borealis. 
^'2173,  F.70  0}iltlnrhl,  ^Delphlni  and  u  Cimtauri,  are  favor- 
ably situated  for  spectroscopic  measurement  at  this  epoch. 
A  single  precise  determination  of  the  relative  motion  of 
the  components  will  give  us  the  parallax,  mass,  and  dimen- 
sions of  the  system,  and  hence  a  line  of  investigation  of 
such  high  interest  will  commend  itself  to  the  attention  of 
siiectroscopists  who  have  great  telescopes  at  their  comnmnd. 

If  we  inquire  into  the  elements  given  in  the  above  table 
with  a  view  of  ascertaining  whether  the  planes  of  the  stellar 
orbits  have  any  decisive  preference  for  the  plane  of  the 
Milky  Way,  or  any  other  plane  inclined  to  this  at  a  given 
angle,  we  shall  find,  as  might  be  expected,  that  all  possible 
inclinations  exist,  with  no  marked  tendency  to  any  given 
plane.  Owing  to  our  inability  to  distinguish  between  the 
ascending  and  descending  node,  there  are  t^vo  possible  solu- 
tions of  the  problem  of  referring  the  orbit  of  a  binary  star 
to  an  absolute  plane  in  space,  but  in  many  ca.ses  the  spectro- 
scope will  eventually  remove  this  uncertainty.  Using  the 
formulas  of  transfornuition  developed  by  Exokk  (Berliner 
Jahrbiuh,  1832)  and  adopting  the  coordinates  for  the  North 
pole  of  the  Milky  Way  given  by  Sir  John  Hekschel 
(a  =  12''  47"";  8  =  +27°),  we  get  for  the  two  possible  in- 
clinations to  the  galaxy  the  angles  tabulated  as  T  and  r'. 
Now  we  do  not  know  which  of  the  two  angles  is  the  true 
inclination,  but  as  it  is  not  possible  to  select  from  the  two 
columns  any  one  prevailing  angle,  much  less  an  inclination 
which  is  very  small,  Ave  conclude  that  the  planes  of  the 
stellar  orbits  are  not  in  any  way  related  to  the  Milky  Way, 
or  to  any  other  absolute  plane  of  the  heavens. 

It  is  also  to  be  remarked,  as  might  be  expected  from 
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theory,  that  about  half  of  the  forty  stars  have  direct,  the 
other  half  retrograde  motion.  It  is  therefore  impossible 
to  deduce  from  the  elements  of  the  orbits  any  certain  ten- 
dency save  that  of  the  eccentricity  to  a  mean  value,  which 
is  evidently  a  fiuidanu'utal  law  of  nature. 

Observational  veriticution  of  the  universality  of  the  law 
of  gravitation  is  naturally  suggested  by  the  investigation 
of  other  systems  in  space.  In  dealing  with  the  above  forty 
orbits,  we  have  encountered  no  outstanding  phenomena 
which  are  not  attributable  either  to  errors  of  ob.servation 
or  to  the  disturbing  infiuence  of  unseen  bodies.  There  are 
several  instances  where  the  areal  velocities  do  not  appear 
to  be  perfectly  imiform,  but  none  sutticiently  decisive  to 
warrant  us  in  attributing  the  deviation  to  the  action  of  a 
dark  body  except  in  case  of  F.70  Ophiwhi.  In  every  other 
ease  the  irregularities,  if  real,  are  largely  obscured  by 
errors  of  observation,  and  more  precise  measures  will  be 
required  before  we  can  reach  any  certain  conclusion. 

There  is  thus  every  indication  that  the  force  is  central, 
and  presumably  this  force  is  gravitation,  but  as  the  New- 
tonian law  can  not  be  deduced  from   the  phenomena  of 
the  apparent  orbit,  however  accurately  it  may  be  deter- 
mined, spectroscopic  measurement  alone  offers  the  desired 
means  of  passing  from  the  apparent  to  the  real  orbit,  and 
of  testing  the  theoretical  position    of   the    orbit-plane  by 
comparing  the  computed  with  the  observed  motion  in  the 
line  of   sight.     The   method   applies  only  to  stars  whose 
orbits  are  well  determined,  and  the  test  that  the  principal 
star  is  in  the  focus  of  the  real  ellipse  will  be  valid  only  t~> 
the  extent  of  the  precision  of  the  observations.     But  if  the 
results  of  theory  could  be  substantially  verified  by  observa- 
tion in  a  single  case,  the  achievement  would  be  an  inter- 
esting confirmation  of  the  Newtonian  law,  which  has  be?n  so 
ably  discussed  by  I'rofessors  Hall,  IIalphen  and  Dakbatx. 
The  sensible  constancy  of  the  areal  velocity  in  case  of 
most  of  these  stars  enables  us  to  say  that  the  force  is  cen- 
tral, and  the  circumstance  that  the  motion  of  'EA'J.  Cow<ie 
Berenices  happens  to  lie  in  the  line  of  vision,  enables  us  to 
conclude  tluit  in  one  case,  at  least,  the  motion  is  sensibly  in 
a  plane.     While  there  is  therefore  no  serious  doubt  of  the 
universality  of  the  law   of  gravitation,  the  spectroscopic 
method  is  yet  of  great  ultimate  interest  by  virtue  of  the 
theoretical  possibility  of  ascertaining  generally  whether  the 
real  orbit  is  a  plane   curve    jirojected  into   the   apparent 
ellipse.     If  this  is  confirmed,  the  law  of  gravitation  can  lie 
established  by  showing  tliat  the  companion  moves  about  tlie 
principal  star  in  the  focus  of  the  real  ellipse.    In  the  present 
state  of  spectroscopic  measurement,  this  method  of  investi- 
gation would  not  be  capable  of  great  precision,  but  the  veri- 
fication of  the  Newtonian  law  is  theoretically  complete,  and 
iu  practice  the  rigor  of  the  experimental  test  would  not  be 
inferior  to  the  accuracy  of  the  observations  of  such  distant 
phenomena. 
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DOUBLE-STAR 

By  \V.  II. 

The  following  results  of  double-star  observations  are  a 
continuation  of  the  Haverford  College  series.  A.s  hitherto 
the  telescope  used  was  the  ten-inch  Clark  equatorial ;  the 
micrometer  and  magnifying  power  of  375  were  the  same. 

The  measures  of  angle  were  made  with  the  line  through 
the  eyes  perpendicular  to  or  parallel  with  the  line  through 
the  stars.  Four  measures  of  angle  and  two  or  more  of 
double  distance  were  made  in  every  case. 


ORSERVATIONS. 

(JOLL1N.S. 

The  approximate  position.s  are  for  1900,  and  the  magni- 
tudes were  only  roughly  estimated,  part  of  them  were  made 
in  bright  moonlight,  hence  the  discrepancies.  The  last  two 
columns  give  the  greatest  differences  between  observed  and 
mean  angles  and  distances.  The  results  are  the  mean  of 
two  or  more  nights' observation,  with  the  exception  of  ^"293 
and  51S  P.  :  C. 
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+32  6 

5.348 

226.6 

5.80 

3 

, 

,   , 

0.2 

0.18 

1187 

8  3 

+  32  31 

6.096 

45.2 

2.20 

3 

7.5 

8.0 

1.4 

0.05 

1196  A :B 

6 

+  17  58 

6.082 

17.4 

1.25 

2 

6.5 

6.7 

0.7 

0.10 

1196  A:  C 

_ 

— 

6.082 

122.3 

5.74 

3 

,■ 

7.0 

0.4 

0.05 

1224 

21 

+  24  51 

6.082 

42.8 

5.96 

3 

6.0 

7.0 

0.2 

0.07 

1291 

48 

+30  58 

6.096 

326.0 

1.49 

2 

6.0 

6.0 

1.2 

0.15 

1296 

53 

+35  21 

6.096 

75.3 

2.26 

o 

9.0 

9.5 

1.3 

0.08 

1338 

9  15 

+  38  37 

5.384 

162.4 

2.02 

o 

, 

0.8 

0.22 

1346 

18 

+  54  27 

5.352 

311.0 

5.60 

2 

,   . 

, 

1.5 

0.10 

1374 

35 

+  39  25 

5.384 

283.8 

3.32 

2 

7.0 

8.5 

0.8 

0.04 

1389 

•  47 

+  27  27 

5.385 

311.6 

2.31 

2 

8.8 

9.2 

0.5 

0.06 

1424 

10  14 

+  20  21 

5.339 

293.2 

3.74 

2 

,   , 

,   , 

1.4 

0.11 

1428 

19 

+  53  8 

5.352 

86.2 

3.44 

2 

,   , 

,   , 

1.0 

0.01 

1439 

25 

+  21  29 

5.385 

117.8 

2.05 

2 

, 

, 

1.3 

0.10 

1465 

37 

+  45  9 

5.394 

10.8 

2.40 

2 

9.5 

9.3 

0.4 

0.01 

1487 

50 

+  25  17 

5.385 

105.4 

6.46 

3 

6.0 

7.0 

0.8 

0.16 

1516 

11  8 

+  74  0 

5.384 

97.2 

17.47 

2 

7.0 

7.5 

0.4 

0.05 

1523 

13 

+  32  6 

5.411 

173.2 

2.36 

3 

. 

,   , 

0.3 

0.07 

1543 

24 

+  39  53 

5.411 

359.0 

5.50 

3 

6.0 

8.5 

0.9 

0.03 

1553 

31 

+  56  41 

5.390 

166.0 

5.82 

3 

7.5 

9.3 

2.1 

0.02 

1606 

12  6 

+40  27 

5.390 

333.0 

1.40 

2 

7.5 

7.5 

2.1 

0.14 

1641 

20 

+38  17 

5.420 

33.7 

10.71 

o 

10.2 

10.2 

0.4 

0.42 

1642 

21 

+  45  17 

5.401 

181.0 

2.82 

o 

7.5 

9.0 

0.2 

0.01 

1643 

22 

+  27  35 

5.454 

41.9 

1.91 

2 

9.0 

9.2 

1.5 

0.09 

1645 

23 

+  45  21 

5.420 

160.0 

10.15 

3 

7.0 

7.8 

0.5 

0.11 

1663 

32 

+  21  45 

5.454 

98.0 

0.96 

2 

8.6 

9.2 

0.8 

0.10 

1670 

37 

-  0  54 

5.439 

331. i 

5.81 

3 

,   , 

2.0 

0.12 

1676 

40 

+  36  49 

5.420 

351.4 

4.73 

1 

10.2 

-  10.2 

1.1 

0.23 

1687 

48 

+  21  47  ■ 

5.454 

75.3 

1.40 

2 

8.2 

0.3 

0.23 

1768 

13  33 

+  36  48 

5.454 

138.4 

1.38 

2 

. 

8.0 

0.4 

0.02 

1785 

45 

+  27  26 

5.433 

258.8 

1.51 

3 

7.8 

8.2 

0.7 

0.14 

1808 

14  6 

+  27  4 

5.432 

73.8 

2.94 

2 

8.2 

9.0 

1.4 

0.15 

1810 

7 

+  28  30 

5.422 

176.3 

2.36 

2 

8.5 

9.2 

1.6 

0.01 

1813 

8 

+  5  53 

5.498 

192.6 

4.64 

2 

.  . 

0.2 

0.11 

1817 

9 

+  27  9 

5.422 

3.0 

1.60 

2 

8.5 

9.2 

1.0 

0.07 

1820 

10 

+  55  47 

5.422 

75.2 

2.40 

2 

8.5 

8.9 

0.8 

0.04 

1825 

12 

+  20  35 

5.422 

172.2 

4.41 

2 

6.5 

8.5 

1.7 

0.01 

1830 

13 

+  57  9 

5.436 

288.3 

6.40 

2 

8.5 

9.8 

0.8 

0.22 

1831 

13 

+  57  9 

5.436 

140.7 

5.96 

2 

7.8 

9.5 

1.2 

0.04 

1842 

22 

+  49 

5.498 

13.5 

2.58 

2 

9.0 

9.0 

0.5 

0.05 

1863 

35 

+  52  1 

5.536 

87.0 

0.82 

1 

7.5 

8.0 

3.1 

0.06 

1864 

36 

+  16  51 

5.498 

102.6 

5.60 

3 

,   ^ 

,   ^ 

0.2 

(1.05 

1871 

39 

+  51  50 

5.436 

290.6 

2.04 

2 

8.4  . 

8.4 

0.7 

0.17 

1877 

41 

+  27  27 

5.520 

327.2 

3.01 

2 

. 

. 

0.6 

0.18 

1888 

47 

+  19  31 

5.458 

226.7 

3.01 

2 

5.0 

7.0 

1.9 

0.15 

1909 

15  1 

+  48  2 

5.436 

241.0 

4.86 

o 

5.0 

0.5 

0.9 

0.06 

1926 

11 

+  .38  40 

5.503 

259.4 

1.24 

1 

7.7 

9.0 

0.2 

0.04 

1932 

14 

+  27  13 

5.520 

320.6 

1.26 

2 

8.0 

8.1 

0.6^ 

0.05 

1934 

14 

+  44  10 

5.541 

31.4 

6.S6 

O 

8.5 

8.5 

0.2 

"t)-.07 

1954 

30 

+  10  50 

5.594 

186.4 

3.49 

2 

. 

0.6 

0.15 

1956 

30 

+  42  9 

5.536 

42.4 

1.96 

2 

8.2 

9.4 

0.6 

0.00 

1957 

31 

+  13  15 

5.594 

156.3 

1.34 

2 

8.0 

10.0 

3.2 

0.17 

2021 

16  9 

+  13  46 

5.594 

332.4 

3.97 

3 

7.4 

7.4 

0.2 

0.02 

2023 

10 

+  5  47 

5.622 

48.8 

1.67 

o 

8.4 

9.5 

1.7 

0.07 

2032 

12 

+  34  5 

5.594 

210.4 

4.23 

3 

6.0 

7.0 

0.3 

0.14  1 

2044 

16  21 

1  +37  16 

1 

1895.594 

344.2 

8.35 

3 

1 . 1 

(  .  1 

0.8 

0.06 
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z 

a 

8 

Year 

9.. 

P„, 

wt. 

m 

m 

eo-9m 

Po—Pm 

2054 

h   111 

16  23 

+  6l'55 

1895. (;S5 

0 

6.0 

l".&> 

2 

6.6 

8.4 

0 

4.5 

0.69 

2049 

24 

+  26  12 

5.622 

208.6 

1.22 

3 

7.2 

7.8 

0.4 

0.04 

2052 

25 

+  18  36 

5.618 

95.5 

2.47 

3 

6.8 

7.5 

1.3 

0.14 

2097 

41 

+  35  55 

5.022 

84.3 

2.06 

4 

7.8 

8.2 

0.6 

0.10 

2120 

17  1 

+  28  13 

5.622 

243.4 

6.99 

3 

7.0 

9.0 

0.2 

0.23 

2130 

4 

+  54  36 

5.622 

152.4 

2.44 

4 

5.2 

5.4 

0.8 

0.10 

2135 

8 

+  21  21 

5.594 

176.8 

7.32 

2 

, 

' 

0.3 

0.05 

2140 

11 

+  14  30 

5.622 

114.7 

4.48 

4 

1.0 

0.01 

3127 

12 

+  24  57 

5.622 

189.2 

15.38 

4 

. 

0.9 

0.05 

2153 

16 

+  49  25 

5.592 

*  270.4 

1.93 

2 

9.6 

9.5 

0.1 

0.06 

2161 

21 

+  37  15 

5.592 

310.8 

3.68 

3 

, 

.  . 

0.3 

0.08 

2165 

23 

+  29  33 

5.592 

53.6 

8.07 

3 

8.5 

10.0 

0.4 

0.11 

2199 

36 

+  55  48 

5.622 

91.8 

1.54 

4 

7.5 

8.0 

0.1 

0.14 

2205 

40 

+  17  46 

5.(;26 

126.4 

2.36 

4 

8.8 

8.8 

0.7 

0.11 

2213 

40 

+  31  11 

5.592 

330.4 

4.56 

3 

8.0 

9.0 

0.4 

0.09 

2218 

40 

+  63  42- 

5.592 

345.2 

2.16 

3 

7.0 

8.5 

1.4 

0.08 

2215 

42 

+  17  45 

5.766 

294.0 

0.95 

2 

1.6 

0.15 

2262 

58 

-  8  10 

5.584 

255.4 

1.98 

2 

0.2 

0.10 

2267 

59 

+  40  11 

5.592 

244.6 

0.94 

3 

8.6 

8.6 

1.3 

0.09 

2271 

59 

+  52  52 

5.592 

265.3 

2.42 

3 

8.5 

9.0 

0.5 

0.02 

2272 

18  1 

+  2  33 

5.584 

295.8 

2^54 

2 

. 

1.1 

0.12 

2289 

6 

+  16  27 

5.658 

50.0 

0.99 

3 

6.0 

7.6 

0.7 

0.02 

2292 

8 

+  27  37 

5.658 

83.2 

1.15 

4 

8.0 

8.1 

0.5 

0.09 

2303 

15 

-  8  2 

5.710 

224.0 

2.64 

2 

7.0 

9.5 

0.1 

0.06 

2311 

18 

+  11  22 

5.714 

159.8 

6.08 

2 

8.8 

10.2 

0.0 

0.26 

2345 

31 

+  21  0 

5.710 

203.3 

8.80 

8.5 

10.0 

0.3 

0.18 

2375 

40 

+  5  24 

5.568 

112.0 

2.38 

•> 

7.0 

7.0 

1.1 

0.16 

2398 

43 

+  59  26 

5.630 

149.4 

17.28 

3 

8.0 

9.0 

0.2 

0.12 

2402 

45 

+  10  33 

5.636 

205.3 

0.92 

3 

8.0 

8.0 

0.1 

0.04 

2434  B : C 

58 

-  0  51 

5.805 

58.2 

1.28 

2 

8.5 

11.0 

1.9 

0.20 

2437 

5S 

+  19  2 

5.636 

59.8 

0.80 

3 

8.0 

8.2 

1.6 

0.11 

2455 

19  3 

+  22  0 

5.597 

84.0 

3.58 

3 

7.5 

9.0 

0.6 

0.08 

2457 

3 

+  22  26 

5.622 

200.5 

10.11 

3 

7.0 

9.0 

0.1 

0.04 

2471 

6 

+  7  58 

5.637 

124.8 

8.11 

2 

6.8 

10.0 

0.9 

0.05 

2479 

6 

+  55  10 

5.597 

32.4 

6.68 

3 

. 

0.6 

0.03 

2481 

8 

+  38  36 

5.789 

221.4 

4.10 

2 

7.2 

7.8 

0.1 

0.02 

2482 

9 

+  18  58 

5.934 

343.7 

2.12 

1 

9.0 

9.0 

0.9 

0.10 

2484 

10 

+  18  56 

5.809 

226.9 

2^21 

2 

8.0 

9.0 

2.1 

0.23 

2488 

11 

+  19  51 

5.745 

331.4 

1.72 

2 

8.5 

9.5 

0.4 

0.09 

2524 

22 

+  25  19 

5.700 

98.4 

6.42 

3 

8.0 

8.5 

0.7 

0.07 

2527 

23 

+  20  28 

5.637 

200.3 

4.18 

o 

7.8 

9.4 

0.5 

0.05 

2530 

24 

+  20  7 

5.819 

156.8 

0.42 

2 

9.0 

10.0 

0.2 

0.25 

2541 

31 

-10  40 

5.637 

321.8 

3.79 

3 

7.0 

9.0 

1.5 

0.01 

2544  A :B 

32 

+  85 

5.654 

206.5 

1.04 

2 

9.0 

9.0 

1.5 

0.02 

2576 

42 

+  33  22 

5.681 

116.2 

2.81 

3 

8.0 

8.0 

0.1 

0.12 

2579 

42 

+  44  53 

5.710 

304.6 

2.10 

2 

. 

1.4 

0.19 

2583 

44 

+  11  34 

5.660 

116.9 

1.66 

3 

6.2 

7.6 

1.4 

0.18 

2603 

48 

+  70  0 

5.652 

3.0 

3.06 

4 

. 

. 

0.6 

0.02 

2596 

49 

+  15  0 

5.637 

329.6 

2.20 

3 

7.6 

9.0 

1.0 

0.10 

2607 

54 

+  42  0 

5.789 

288.0 

2.72 

2 

7.0 

9.8 

0.6 

0.05 

2624  A:B 

59 

+  35  45 

5.681 

175.1 

2.09 

3 

7.5 

7.8 

«  11 

0.00 

2<;40 

20  4 

+  63  37 

5.813 

21.5 

5.39 

2 

0.3 

0.20 

2658  A: C 

11 

+  52  49 

5.789 

118.8 

5.42 

2 

7.2 

10.6 

0.1 

0.25 

2725 

42 

+  15  31 

5.714 

1.6 

5.14 

3 

7.0 

8.0 

0.1 

0.03 

2726 

42 

+  30  19 

5.780 

63.4 

6.28 

2 

. 

0.1 

0.06 

2737  A: B 

54 

+  3  54 

5.798 

282.2 

1.12 

6.5 

6.8 

0.4 

0.21 

2741 

55 

+  50  4 

5.789 

20^.6 

2.18 

3 

6.0 

7.2 

0.0 

0.13 

2744 

58 

+  1  10 

5.854 

166.6 

1.44 

o 

6.5 

7.2 

0.3 

0.03 

2746 

58 

+  38  51 

5.896 

290.4 

0.92 

2 

7.2 

7.8 

0.3 

0.07 

2749 

21  0 

+  3  8 

1895.714 

157.8 

3.72 

2 

7.2 

9.6 

1.9 

0.06 
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jr 

a 
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Year 

0^ 

P". 

•H-t. 

m 

m 

^0 dm 

Po—P« 

2758 

h   ni 

21  2 

+38  12 

1895.771 

123.6 

21.66 

4 

0 

0.2 

0.04 

2760 

2 

+  33  42 

5.771 

46.5 

7.08 

3 

7.2 

ko 

0.1 

0.03 

2762 

4 

+  29  49 

5.771 

131.0 

3.60 

o 

6.0 

8.0 

0.1 

0.18 

2797 

22 

+  13  16 

5.714 

215.8 

3.28 

3 

6.8 

8.2 

1.2 

0.26 

2801 

24 

+  79  55 

5.84S 

273.8 

1.70 

3 

7.0 

8.0 

0.1 

0.04 

2799 

24 

+  10  40 

5.714 

123.0 

1.59 

3 

7.0 

7.0 

0.2 

0.13 

2802 

27 

+33  22 

5J71 

9.4 

4.01 

3 

7.8 

7.8 

0.8 

0.04 

2804 

28 

+  20  18 

5.771 

331.4 

2.96 

4 

7.8 

8.0 

0.2 

0.05 

2822 

40 

+  28  19 

5.771 

121.2 

2.92 

4 

4.5 

7.0 

0.8 

0.06 

2825 

41 

+  0  26 

5.741 

1 13.8 

•1.05 

3 

8.0 

8.5 

0.3 

0.01 

2828  B : C 

44 

+  2  54 

5.775 

218.6 

3.84 

•> 

8.6 

9.0 

1.1 

0.48 

2837 

42 

+  82  29 

5.843 

296.5 

2.77 

o 

8.0 

8.5 

1.7 

0.33 

2842 

49 

+  63  34 

5.874 

102.4 

3.63 

2 

8.0 

11.5 

1.3 

0.01 

2860 

22  0 

+  60  22 

5.S12 

257.4 

6.94 

2 

7.5 

9.0 

0.4 

0.05 

2863 

1 

+  64  13 

5.835 

283.0 

6.92 

2 

5.0 

7.0 

0.6 

0.03 

2862 

o 

+  0  11 

5.741 

281.4 

5.95 

3 

7.8 

8.2 

0.5 

0.13 

2872  B:C 

5 

+  58  48 

5.853 

137.6 

0.71 

3 

8.2 

8.4 

1.8 

0.05 

2877 

9 

+  16  48 

5.836 

359.9 

11.88 

3 

6.0 

8.0 

0.1 

0.30 

2881 

9 

+  29  2 

5.784 

99.6 

1.90 

3 

7.8 

8.5 

1.7 

0.01 

2895 

16 

+  24  26 

5.774 

33.4 

7.50 

4 

8.0 

9.8 

0.3 

0.05 

2909 

24 

-  0  26 

5.741 

322.0 

3.20 

4 

. 

.  . 

0.9 

0.02 

2910 

24 

+  23  3 

5.774 

342.0 

5.41 

4 

7.8 

8.8 

1.7 

0.00 

2913 

25 

-  8  36 

5.718 

330.1 

8.34 

3 

6.5 

7.5 

0.5 

0.08 

2924 

30 

+  69  23 

5.871 

269.7 

0.82 

3 

7.0 

7.0 

2.7 

0.10 

2928 

34 

-13  IS 

5.785 

314.9 

4.30 

2 

7.5 

7.5 

0.7 

0.15 

2934 

37 

+  20  56 

5.854 

149.5 

0.98 

3 

8.0 

9.0 

1.1 

t).09 

2974 

23  0 

+  32  50 

5.784 

162.0 

2.75 

3 

8.0 

8.0 

0.1 

0.03 

3001 

14 

+  67  33 

5.835 

193.9 

2.76 

3 

5.0 

7.5 

0.6 

0.13 

3006 

16 

+  34  52 

5..S.S4 

1()6.S 

5.54 

o 

8.2 

9.0 

0.4 

0.14 

3007 

18 

+  20  0 

5.774 

81.5 

6.17 

3 

6.2 

9.0 

0.7 

0.0] 

3008 

18 

-  9  1 

5.774 

244.4 

4.18 

3 

6.5 

7.2 

0.2 

O.d'.l 

3037 

41 

+  59  54 

5.835 

211.4 

2.64 

3 

7.0 

9.0 

1.2 

0,01 

3038 

41 

+  62  7 

5.862 

95.8 

4.42 

o 

9.2 

9.8 

0.7 

o.M 

3046 

51 

-10  4 

5.832 

249.2 

3.32 

o 

8.0 

8.5 

1.4 

0.07 

3050 

23  54 

+33  11 

1895.884 

210.7 

2.76 

3 

6.5 

6.5 

0.1 

0.10 

Hater/ord  College,  Pa.,  1S90  A/arc/t  27. 


SUPPOSED   NEAV   SOUTHERN  VARIABLE, 

Hy  .\LEX.  W.  ROBERTS. 
The  star  Cord.  Zone-Catalogue  XIV,  533  (a  =  14''  8'"  10",      isfactoi-y  period.     I  am  liowevei-  coiiviiioed  of  its  variation 


8  =  —57°  16' 12",  eq.  1875.0)  appears  to  varj'witliin  the  limits 
7". 3  and  7". 7.  It  has  been  observed  irregularly  for  more 
than  a  year,  but  as  yet  I  have  been  unable  to  secure  a  sat- 


within  the  period  assigned;  and  the  recorded  olxservatiuns 
seem  to  favor  a  period  of  about  22  hoiirs. 
1896  Aprils 


COMET  c  1896  r= 

A  telegram  from  Kiel  announces  the  rediscovery  of  this 
Comet  by  Javelle  at  Nice,  on  June  20.     Its  position  was 

June 20.5751  Gr.M.T.    ,<  =  22''25""37'.8    8  =  -18°33'54", 

thus   showing  the  correction  to  Dr.  Poor's  ephemeris  in 
A.J.  no.  375  to  be  :     Ja  =  -0'"  24".9   ,  M  =  -2'  31". 


Dr.    Took    sends 
ephemeris : 


the    following    continuation    of    that 


COMET 

1889  V. 

Gr.  M.T. 

A]))),  a 

Aiip.  S 

log.  A 

Hr 

IftlHJ 

\          111    8 

r 

'   If 

June  29.5 

22 

32  25.10 

-18 

15  57.6 

0.16840 

0.84 

Juljf  3.5 

34  41.12 

11  48.4 

7.5 

36  33.50 

9  22.8 

0.13988 

0.99 

11.5 

38  0.73 

8  44.7 

15.5 

39  2.21 

9  45.2 

0.112;;i 

1.14 

19.5 

39  36.84 

12  22.5 

- 

23.5 

39  44.72 

16  22.0 

0.08646 

1.32 

27.5 

39  25.21 

21  37.0 

31.5 

2'> 

38  39.27 

-18 

27  47.2 

0.06318 

1.52 

CONTENT. S. 
Results  of  Reseakcues  on  the  Orbits  of  Forty  Binary  Stars,  by  Dr.  T.  ,I.  .T. 
Double-Star  Observations,  by  Prof.  W.  H.  Collins. 
Supposed  New  Soltuerx  Variable,  by  Prof.  Alex.  W.  Roberts. 
CoMKT  c  I89C  =  Comet  1889  V. 


Sek. 
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THIED  CATALOGUE 

By  S.   C. 

Since  the  appearance  of  the  Second  Catalogue,  it  lias 
been  the  endeavor  to  keep  pace  with  the  rapid  accumu- 
lation of  new  material  by  the  occasional  issue  of  Supple- 
ments. The  time  appears  now  to  have  arrived  when  a 
new  edition  of  the  catalogue  is  necessary,  incorporating 
everj-thiug  up  to  date.  The  elements  of  all  the  known  vari- 
ables have  therefore  been  revised  by  means  of  all  the  pub- 
lished maxima  and  minima.  This  revision  has  extended 
also  to  tlie  columns  giving  the  maximum  and  minimum 
brightness,  as  well  as  to  those  giving  the  epochs  and  the 
periods  with  their  inequalities.  ^Miere  the  comparison  of 
the  newer  observations  with  the  former  elements  indicated 
no  appreciable  certain  correction,  the  elements  of  the  Sec- 
ond Catalogue  have  been  retained ;  although  the  data  in 
the  columns  of  "  Basis  of  Elements  "  have  been  changed,  in 
order  to  indicate,  as  well  as  can  be  done  by  so  succinct  a  form 
of  statement,  the  actual  present  condition  of  the  observation 
of  the  various  stars.  This  will  enable  observers  to  regulate 
their  selection  of  the  objects  most  needing  observation. 

These  columns  also  illustrate  how  remarkable  has  been 
the  degree  of  uniformity  and  completeness  of  the  observa- 
tion of  the  phenomena,  and  the  consequent  development  of 
our  knowledge  with  regard  thereto,  during  the  past  few 
years.  Very  few  stars,  within  reach  of  the  astronomers  of 
the  northern  hemisphere  who  have  so  actively  devoted  their 
energies  to  this  class  of  work,  have  been  seriously  neglected. 
It  is  especially  interesting  to  note  the  fact  that  this  har- 
monious development  has  been  attained  without  any  con- 
certed scheme  of  "  cooperation,"  but  by  the  free  will  and 
independently  planned  eiforts  of  individual  volunteers,  each 
discriminatingly  directing  his  work  in  accordance  with  his 
means  and  situation.  Such  a  satisfactory  result  could 
hardly  have  been  reached  so  eiTectively  by  a  formal  organi- 
zation of  work,  directed  from  headquarters  prescribing  and 
circumscribing  the  operations  of  each  participant,  and 
destroying,  by  its  benumbing  influence,  the  enthusiasm 
which  springs  from  the  individual  initiative  of  the  observ- 
ers themselves. 


OF  VARIABLE   STARS, 

CHANDLER. 

Tribute  should  be  paid  to  the  zeal  and  industry  of  all  tlie 
astronomers  who  have  contributed  to  the  observation  of  the 
phenomena ;  but,  as  it  might  seem  invidious  to  do  so  by 
naming  even  those  most  prominent  in  the  work,  it  seems 
better  to  refer  to  the  honorable  records  of  all,  which  can 
be  found  especially  in  the  annual  indexes  of  the  Astron.  Jour- 
nal and  Astr.  Nachrichten.  This  work  of  the  accurate  obser- 
vation of  the  phenomena,  which,  as  in  the  case  of  the 
comets,  is  of  a  much  higher  grade  than  the  discovery  of 
new  objects  —  is  the  most  essential  element  in  the  progress 
of  this  branch  of  astronomy,  and  is  a  field  affording  ample 
room  for  more  participants.  In  the  southern  hemisphere, 
particularly,  the  need  for  volvmteers  is  pressing. 

The  construction  of  the  present  catalogue  is  in  every 
respect  similar  to  that  of  the  Second  Catalogue  {A.J.  300), 
and  is  fully  described  in  its  introduction,  which  it  seems 
scarcely  needful  to  repeat  here.  In  nearly  all  points  the 
nature  of  the  contents  of  the  several  columns  is  self-evident 
from  their  headings,  and  for  those  in  which  this  is  not 
entirely  so,  a  reference  to  the  place  mentioned  is  easy. 

In  the  case  of  many  of  the  more  recently-discovered 
variables,  while  there  are  no  definitely  observed  maxima 
available,  sufficient  data  exist  for  making  a  guess  at  the 
probable  jjeriod  and  an  approximate  epoch.  These  riule 
elements  will  serve  as  a  useful  guide  to  observers,  and  have 
therefore  been  inserted,  but  marked  with  a  query  to  indicate 
thatthe  times  of  maxima  computed  from  them  are  precarious. 

Where  the  elements  depend  on  other  authority  than  the 
writer's,  the  name  is  appended,  in  parentheses,  in  the  col- 
umn of  remarks. 

It  is  a  source  of  regret  that  circumstances  pireveut  the 
insertion,  in  the  notes  at  tlie  end  of  the  Catalogue,  of  more 
copious  descriptions  relating  to  peculiarities  of  the  various 
light-curves.  But  to  attain  any  considerable  degree  of 
generality  or  completeness  in  this  respect  requires  much 
more  space  than  can  be  given  in  a  publication  in  this  form, 
and  the  labor  of  their  proper  preparation  would  also  unduly 
delay  its  appearance. 

(U5) 
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1900.0 

100(1 

1855.0 

Red- 

Ma 

gnitude 

Xo. 

Star 

K..\. 

Uecl. 

Anuiirtl  Variation 

K.A. 

Decl. 

ness 

Max. 

Min. 

22 

V  Seulptoris 

0    3  39 

-39°  50.7 

+3!05 

+0.33 

li      in      » 

0     1  21 

-40°    5.8 

_ 

S.9 

<12.1 

62 

S  Sc'ulptoi'is 

10  19 

-32  36.1 

3.04 

0.33 

8     2 

-32  51.1 

- 

(;.5 

10.0 

100 

T  Ceti 

16  42 

-20  36.7 

3.04 

0.33 

14  26 

-20  51.8 

4, 

5.1-  5.3 

6.4-  7.0 

103 

T  Androineilae 

17  10 

+26  26.4 

3.12 

0.33 

14  50 

+  2()   11.4 

- 

7.7-  8.4 

13? 

107 

T  Cassiopeae 

17  49 

+  :m  14.3 

3.22 

0.33 

15  25 

+  54  59.3 

7.3 

7.0-  S.O 

11.0-12.0 

110 

S  Tut-anae 

18  24 

-62  14 

2.87 

0.33 

16  14 

-62  29 

_ 

8.7 

<I1.(! 

112 

R  Aiulromedae 

18  45 

+38     1.4 

3.16 

0.33 

16  25 

+37  46.4 

5.0 

5.6-  8.6 

<I2.8 

114 

S  Ceti 

18  58 

-  9  53.0 

3.05 

0.33 

16  41 

-10     7.9 

2.0 

7.0-  S.d 

12 

116 

B  Cassiopeae 

19  15 

+  63  35.5 

3.30 

0.33 

16  47 

+  63  20.6 

- 

>1 

'* 

146 

T  Soulptoris 

24  17 

-38  27.7 

2.96 

0.33 

22     3 

-38  42.6 

- 

8.6 

1(1.0 

161 

T  Piscium 

26  49 

+  14     2.9 

3.11 

0.33 

24  29 

+  13  48.0 

0 

9.5-10.2 

10.5-11.0 

209 

a  Cassii)i)eae 

34  50 

+  55  59.3 

3.38 

0.33 

32  18 

+  o:,  44.5 

5 

»>   *> 

2.8 

224 

S  Anilroiuedae 

37  15 

+  40  43.2 

3.26 

0.33 

34  49 

+  40  28.3 

5 

7 

'/ 

243 

U  Cassiopeae 

40  46 

+47  42.6 

3.33 

0.33 

38  16 

+  47  27.8 

6 

8.0-  8.8 

<15 

294 

W  Cassiopeae 

48  59 

+58     0.9 

3.53 

0.32 

46  21 

+  57  46.5 

- 

8.6 

11.4 

320 

V  Cephei 

0  53  23 

+  81  20.2 

5.09 

0.33 

0  49  38 

+  81     5.5 

0 

7.1 

9.2 

401 

U  Sculptoris 

1     6  50 

-30  38.S 

2.85 

0.32 

1     4  42 

-30  53.2 

- 

8.7 

<12.5 

419 

U  Aiulioiiiedae 

9  47 

+40  11.2 

3.41 

0.32 

7  14 

+  39  56.0 

6 

8.9     . 

<13 

432 

S  Cassiopeae 

12  IS 

+  72     5.1 

4.35 

0.32 

9     4 

+  71  50.8 

6.7 

6.7-  8.6 

<13.5 

434 

S  Piscium 

12  21 

+   8  24.3 

3.13 

0.32 

10     0 

+   S     0.9 

1.0 

8.2-  9.3 

<M.7 

466 

U  Piscium 

17  41 

+  12  20.7 

3.17 

0.32 

15  18 

+  12     6.4 



9.5-10.0 

14.5-15.0 

494 

R  Seuljjtoris 

•>•>      •)•> 

-33     3.5 

2.77 

0.31 

20  17 

-33  17.8 

9 

5.7-  7.5 

7.6-  8.0 

513 

R  Piscium 

25  29 

+  2  21.9 

3.09 

0.31 

23  10 

+   2     7.9 

2.0 

7-  8.8 

<13 

659 

X  Cassiopeae 

49  46 

+58  45.9 

4.09 

0.30 

46  42 

+  58  32.5 

6 

9.3-  9.5 

12 

67S 

U  Persei 

52  56 

+54  20.1 

3.95 

0.29 

50     0 

+  54     7.0 

6.4* 

7.2-  8.2 

11.6 

691 

W  Persei 

55     6 

+  56  15 

4.03 

0.29 

52     6 

+  56     2 

_ 

9.3 

<15 

715 

S  Aiietis 

1  59  16 

+  12     2.8 

3.21 

0.29 

56  51 

+  11  49.7 

2 

9.1-  9.8 

14? 

782 

R  Arietis 

2  10  25 

+24  35.5 

3.40 

0.28 

2     7  53 

+  24  22.8 

1.8 

7.6-  9.0 

11.7-13.0 

793 

T  Persei 

12  12 

+  58  29.5 

4.26 

0.28 

9     0 

+  58  16.7 

4 

8.2 

9.3 

806 

0  Ceti 

14  18 

-  3  25.7 

3.03 

0.27 

12     1 

-  3  38.3 

5.9 

1.7-  5.0 

8-9.5 

814 

S  Persei 

15  41 

+58     7.8 

4.27 

0.28 

12  29 

+  57  55.2 

5.0 

8.3-  8.6 

10.5-13 

845 

R  Ceti 

20  55 

-  0  37.8 

3.06 

0.27 

18  38 

-  0  50.1 

2.4 

7.5-  8.8 

13.5 

869 

R  Fornacis 

24  47 

-26  32.4 

2.68 

0.27 

22  46 

-26  44.6 

6* 

8.5 

<10 

893 

U  Ceti 

28  56 

-13  35.2 

2.88 

0.27 

26  45 

-13  47.2 

3 

6.8-  7.3 

12 

906 

R  Trianguli 

30  59 

+33  49.8 

3.62 

0.26 

28  16 

+  33  37.8 

5.4* 

5.8-  7.1 

11.7 

976 

T  Arietis 

42  45 

+  17     5.5 

3.34 

0.25 

40  15 

+  16  54.1 

3.2 

7.9-  8.6 

9.3-  9.7 

980 

V  Persei 

43  15 

+  56  34.1 

4.40 

0.25 

39  58 

+  56  22.6 

5.0* 

7.9 

9.5-10.5 

1018 

R  Horologii 

49  42 

-50  21 

1.98 

0.25 

48  13 

-50  32 

- 

5.8-  6.2 

10.0 

1072 

p  Persei 

2  58  46 

+38  27.2 

3.83 

0.24 

55  54 

+38  16.5 

2 

3.4 

4.2 

1090 

/3  Persei 

3     1  40 

+40  34.2 

3.89 

0.23 

2  58  45 

+  40  23.6 

0 

2.3 

3.5 

1113 

U  Arietis 

5  30 

+  14  25.3 

3.32 

0.23 

3     3     1 

+  14  14.8 



7.0-  8.5 

<11 

1166 

X  Ceti 

14  20 

-  1  26.0 

3.05 

0.22 

12     3 

-   1  36.0 

_ 

9.3 

<12.5 

1222 

R  Persei 

23  41 

+  35  19.6 

3.81 

0.21 

20  50 

+  35  10.1 

2.3 

7.7-  9.2 

12.8-13.5 

1279 

U  Camelopardalis 

33  12 

+62  19.4 

5.12 

0.20 

29  23 

+62  10.4 

8.0* 

1  .•> 

S.S 

1357 

U  Eridaui 

46  15 

-25  15.5 

2.55 

0.18 

44  20 

-25  23.8 

- 

8.5 

11.4< 

1367 

X  Tauri 

47  50 

+   7  28.8 

3.22 

0.18 

45  26 

+   7  20.6 

_ 

6.6 

8.1 

1386 

T  Eridaiii 

50  57 

-24  19.5 

2.56 

0.18 

49     2 

-24  27.6 

- 

7.2 

11.0 

1411 

A  Tauri 

3  55     8 

+  12  12.5 

3.32 

0.17 

3  52  39 

+  12     4.6 

0 

3.4 

4.2 

1537 

T  Tauri 

4  16  10 

+  19  17.8 

3.49 

0.15 

4  13  33 

+  19  11.3 

0 

9.2-11.5 

12.8-<13.5 

1574 

W  Tauri 

4  22  15 

+  15  49.2 

+3.42 

+0.14 

4  19  41 

+  15  42.9 

5 

8.0-  8.8 

12.2 

N<'-37!) 
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170: 

114 
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146 

- 

161 

_ 

209 

— 

224 

_ 

24.3 

100 

294 

122' 

320 

_ 

401 

— 

419 



4.32 

300: 

434 

200: 

466 

83  ■ 

494 

_ 

513 

149 

659 

- 

678 

- 

691 

_ 

715 

165: 

782 

91.5 

793 

_ 

806 

112 

814 

_ 

845 

70 

869 

_- 

893 

122: 

906 

119 

976 

127 

980 

_ 

1018 

_ 

1072 

_ 

1090 

_ 

1113 

_ 

1166 

— 

1222 

96 

1279 

_ 

1357 

- 

1.367 

_ 

1386 

— 

1411 

_ 

1537 

_ 

1574 

_ 

Elements  of  Maximum,  Greenwicli  M.T. 
Epoch  (C'al.)  (.Julian)  Perioil  liie(|ualities  Remarks 

1890  Sept.  30  =  241 1640  +295*E  (Pickerins,') 

1846  Oct.      3     239  5,573  +183  E?        (Hartwig) 

....         Ii-reguhirly  periodic 

1855  Sept.  10     2,39  8837  +265.35  E      (Yendell)' 

1871  Mar.  31     240  4515  +445  E  Teriodical  iuecpiality 

1890  Jan.    12     2411.380  +2.33  E? 

1859  Mar.  27     240  0131  +410.7  E   +25  sin  (12°E  +  90°) 
1873  Jan.      6     240  5165  +320.2  E 
....        New  star  of  1572 

....         Irregular 

....         Irregular 

".  ....       Newstarof  1885in^?ic??'09«..  neb. 

1886  Dec.    12     2410253  +276.0  E 

1887  Oct.    15     2410560  +314  E? 

Mix.  1880  June  23"  9" 28"'  +2'' ll"49"^38^25  E  +  95'"sin(0^08  E+283°) 

1895  Nov.     2     2413,500  +280  E? 

1894  Dec.    26     2413189  +365  E? 

1863  Mar.  18     2401583  +610.5  E   +50  sin (10°E  +  50") 

1866  Jan.      4     240  2606  +404.3  E        Period  shortening 

1880  Jan.      8     240  7723  +172.7  E 

207  ?  Period  irregular 

1866  Nov.  22     2402928.0  +.344.15  E   +13  sin(12°E  +  180'') 

1894  Aug.  16     2413057  +420  E? 

1889  Dec.    16     2411353  +318  E?        Large  irregularities 

1872  Mar.  22     240  4867  +292.2  E        Periodic  inequality 
1866  Sept.     4     240  2849.0  +186.55  E   +7  sin (5°E+235°) 

....         Irregular 

1866  Dec.    27     240  296.3.4  +331.6  E        Periodic  inequalities.    See  note 

....         Irregularly  periodic 

1867  Mar.     2     240  3028.0  +167.0  E        Periodicaliiiequality 

1884  Dec.    11     240  9.522  +2,3.5.'8  E 

1890  Sept.  20     2411631  +268.0  E       - 

1873  Mar.  31     240  5249  +313  E 

1889  Aug.  '3()     241 1245  +371  E  ? 

....         Irregularly  periodic 

MiN.1888Jan.3''7"21"'.5  +  2''20''48'"55».425E  +  173'".3sin(5VE+202''.5)+* 

1892  Nov.  12     241  2415  +361  E 

1861  Sept.  25     2401044.0  +210.1  E   +20  sin (7°.5E  + 135°) 
....         Irregular 

1889  Nov.     3     241  1310  +253  E  (H.  M.  Parkhurst) 

Mix.  1887  Dec.  6"11"57">  +3''22".52'".2  E     Ah/ol-tyi^e.     Periodical  iueq. 

•       ....         Irregular 

....         Irregularly  periodic 

*18'".0  sin(i\E+203°.2.5)  +3'".5  sin  (^  E+90^.:33) 
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3 

1 

50 

3 

— 

1 

— 

14 

2 

12 

1 

14 

11 

17 

2 

2 

— 

7 

- 

10 

1 

44 

22 

111 

15 

23 

5 

11 

1 

7 

4 

10 

9 

3 

- 

- 

496 

3 

- 

33 

5 

o 

- 

- 

53 

— " 

— 

Basis  of  Elements 

Date.s  included 


1890-95 

1846,  73,  89-95 

18.5,5,  78,  91-95 
1842,  57,  71-94 

1889-94 
1827,  55-93 
1872-74,  83-95 


1856,  57,  86-94 
1887,  94,  96 

1828,  80-93 
1886,  92,  95 
1894 
1843,  63-93 

1855,  ,57,  66-8,5,95 

1879-81,  84-92, 96 

1850,  55,  65-96 
1894,  95 
1889-96 


1848,  61-74,  86-93 

1828-46,  58-95 

1596-1896 


1794,  1841-95 

1877,  84-95 

1889-96 

1871-74,  84-92 
1889-91 
1782-1887 
1892-95 
1833,  61-95 


1889-96 
1796,  1844-92 
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1900.0 

1900 

18.J5.0 

Red- 

Magnitude 

Xo. 

Star 

R.A. 

Decl. 

Annual  Variation 

K.A. 

Decl. 

ness 

Max. 

Min. 

1577 

R  Tauii 

h      m      > 

4  22  49 

+   9°  '^GA 

+  3^29 

+0.14 

ta      III       s 

4  20  21 

+   9°50.'l 

4.5 

7.4-  9.2 

12.4-13.5 

1582 

S  Tauri 

23  43 

+  9  43.5 

3.28 

0.14 

21  16 

+   9  37.3 

2.5 

9.3-10.0 

<13.5 

1623 

T  Camelopartlalis 

30  21 

+65  56.7 

5.85 

0.13 

25  59 

+  65  50.9 

6* 

7.0-  8.2 

<12 

1635 

R  Reticuli 

32  30 

-63  14.2 

0.61 

0.12 

32     3 

—  63  19.8 

- 

1 

<13 

1654 

R  Dovadus 

35  36 

-62  10.4 

0.70 

0.12 

35     5 

-62  21.8 

7 

5.7 

6.7 

1662 

R  Caeli 

37     4 

-38  26 

2.08 

0.12 

35  30 

-38  31 

_ 

7.5 

10.0-10.5 

1701 

R  Pictoris 

43  29 

—49  25.6 

1.6(1 

0.11 

42  17 

-49  30.6 

- 

S.l 

9.5 

1717 

V  Tauii 

46  15 

+  17  22.1 

3.47 

0.11 

43  39 

+  17  17.4 

3.3 

8.3-  9.4 

<13.5 

1761 

R  Oiiouis 

53  35 

+   7  58.7 

3.25 

0.10 

51     8 

+   7  54.3 

4.9 

8.7-  9.1 

11.2-13.5 

1768 

£  Aurigae 

54  47 

+43  40.5 

4.30 

0.09 

51  34 

+43  36.2 

1 

3.0 

4.5 

1771 

R  Leporis 

4  55     3 

-14  57.4 

2.73 

0.09 

53     0 

-15     1.7 

9.4 

6-7 

8.5? 

1800 

W  Oiionis 

5     0  14 

+   1     2.4 

3.10 

0.09 

57  55 

+  0  58.5 

— 

() 

7 

1803 

T  Leporis 

0  35 

-22     2.4 

2.55 

0.08 

58  40 

-22     6.3 

- 

S.l 

10.9 

1805 

Y  Ih'ionis 

0  47 

+   3  58.0 

3.16 

0.09 

4  58  25 

+   3  54.0 

4.2* 

8.4 

<13         . 

1850 

8  riitoiis 

8  18 

-48  37.7 

1.59 

0.07 

5     7     6 

-48  41.1 

- 

8.6 

<13.3 

1855 

R  Aurigae 

9  13 

+  53  28.4 

4.83 

0.07 

5  36 

+  53  25.0 

6.5 

6.5-  7.8 

12.5-12.7 

1894 

T  Coluinbae 

15  38 

-33  48.7 

2.19 

0.06 

13  59 

-33  51.6 

— 

7.6 

11.3 

1923 

S  Aurigae 

20  31 

+34     3.7 

3.96 

0.06 

17  33 

+  34     2.1 

6.7 

9.4-11.0 

<14.5 

1944 

S  Orionis 

24     5 

-  4  46.4 

2.96 

0.05 

21  61 

-  4  48.7 

6.4 

8.3-  9.5 

11.0-13.0 

1953 

T  Aurigae 

25  34 

+30  22.2 

3.85 

0.05 

22  41 

+30  19.9 

- 

4.5 

<15 

1981 

S  Cauielopardalis 

30  13 

+  68  44.6 

6.48 

0.04 

25  22 

+  68  42.5 

7.8* 

8.3-  8.5 

10.2-12 

1986 

T  ( >ri(iiiis 

30  56 

-  5  32.4 

2.94 

0.04 

28  43 

-  5  34.5 

0 

9.7 

13 

2013 

U  Aurigae 

35  32 

+31  59 

3.90 

0.04 

32  37 

+31  57 

7.5* 

8.6 

12 

2059 

S  Columbae 

43  10 

-31  43.7 

2.25 

0.02 

41  29 

-31  44.8 

— 

S.O 

<10 

2080 

R  Columbae 

46  40 

-29  13.2 

2.32 

0.02 

44  55 

-29  14.1 

- 

7.9 

11.4< 

2098 

ft  Orionis 

49  45 

+   7  23.3 

3.25 

0.02 

47  19 

+  7  22.9 

6 

1 

1.4 

2100' 

U  Orionis 

49  53 

+  20     9.5 

+3.56 

+  0.01 

5  47  13 

+20     8.7 

7 

6.4-  7.5 

<12 

2141 

R  Octantis 

5  56  48 

-86  26.0 

-18.37 

0.00 

6  10  33 

-86  25.7 

— 

7.4 

<11.3 

2170 

S  Leporis 

6     1  38 

-24  11.2 

+  2.47 

0.00 

5  59  47 

-24  11.1 

— 

6.7-  7.1 

7.4-  7.5 

2213 

ri  Geininorum 

8  51 

+  22  32  2 

+3.62 

-0.01 

6     6     8 

+  22  32.6 

3 

3.2 

3.7-  4.2 

2258 

Y  Aurigae 

16  IS 

+  47  42.5 

4.54 

0.02 

12  54 

+  47  43.5 

_ 

8.5-10 

<11.5 

2266 

Y  Monocerotis 

17  41 

-  2     8.7 

3.02 

0.03 

15  25 

-  2     7.6 

3.4 

6.3-  6.9 

10.7< 

2279 

T  ^lonocerotis 

19  49 

+  7     8.4 

3.24 

0.03 

17  24 

+  7     9.7 

2 

5.8-  6.4 

7.4-  8.2 

2362 

R  ^Monocerotis 

33  42 

+  8  49.3 

3.28 

0.05 

31  15 

+  8  51.7 

0 

9.5 

13 

2375 

S  Monocerotis 

35  28 

+   9  59.3 

3.31 

0.05 

33     0 

+  10     1.5 

2 

4.9 

5.4 

2445 

W  Monocerotis 

47  30 

-  7     1.6 

2.91 

0.07 

45  19 

-  6  58.6 

6 

8.8 

<10 

2478 

R  Lyncis 

53     3 

+55  28.1 

4.96 

0.08 

49  20 

+  55  31.6 

4.8 

7.8-  8.0 

<13 

2509 

f  Geniinormu 

6  58  11 

+20  43.0 

3.56 

0.09 

55  30 

+  20  46.7 

o 

3.7 

4.5 

2528 

R  Geminoruni 

7     1  20 

+22  51.5 

3.62 

0.09 

58  37 

+  22  55.4 

5.7 

6.6-  7.S 

<i;].5 

2530 

V  Canis  minoris 

1  33 

+  9     1.5 

3.28 

0.08 

6  59     5 

+  9     5.4 

10.3 

<13.7 

2539 

R  Canis  minoris 

3  13 

+  10  10.9 

3.30 

0.09 

7     0  44 

+  10  14.9 

5.5 

7.2-  7.9 

9.5-10.0 

2583 

L;  Puppis 

10  29 

-44  28.8 

1.82 

0.10 

9     7 

-44  24.2 

8 

3.5 

6.3 

2610 

R  Canis  Majoris 

14  56 

-16  12.4 

2.70 

0.11 

12  55 

-16     7.6 

0 

5.9 

6.7 

2625 

Y  Geininorum 

17  34 

+  13  17.0 

3.37 

0.11 

15     2 

+  13  21.9 

2.8 

8.2-  9.1 

12.0-14.0 

2676 

U  ^Monocerotis 

26     1 

-  9  34.0 

2.86 

0.12 

23  53 

-  9  28.6 

3 

5.9-  7.3 

6.6-  8.0 

2684 

S  Canis  minoris 

27  18 

+   8  31.9 

3.26 

0.12 

24  51 

+  8  37.4 

4.1 

7.2-  8.0 

10.5-12.7 

2690 

X  Pup])is 

28  27 

-20  41.7 

2.60 

0.13 

26  30 

-20  36.1 

— 

8 

9.6 

2691 

T  Canis  minoris 

28  26 

+11  57.5 

3.34 

0.12 

25  56 

+  12     3.0 

2 

9.0-10.5 

<13.5 

2735 

U  Canis  minoris 

7  35  55 

+  8  36.8 

+3.26 

-0.14 

7  33  28 

+  8  42.2 

5.1 

8.5-  9.0 

12.3-13.5 

I 
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No. 

M—m 

Epoch  (Cal.) 

Eli'iiients  o 
(.Julian) 

f  Jlaximuni, 
Period 

Greeiiwicli  M.T. 

Inequalities                Kemarks 

jV 

Bas 

m 

is  of  Elements 
Dates  included 

1577 
1582 
1623 
1(;.'!5 
1654 

1662 
1701 
1717 
1761 
1768 

1771 
1800 
1803 
1805 
1850 

1855 
1894 
1923 
1944 
1953 

1981 
1986 
2013 
2059 
2080 

2098 
2100 
2141 
2170 
2213 

2258 
2266 
2279 
2362 
2375 

2445 

2478 
2509 
2528 
2530 

2539 
2583 
2610 
2625 
2676 

2684 
2690 
2691 
2735 

140: 

70: 

175: 

82 
214: 

212 

120: 

248 

194 

169 

145: 

122: 
7.93 

143 
5.015 
121 

1.30: 
69 

132 
18.0 

164 
175 

1862  May 
1860  Feb. 
1891  Dec. 
1864  Feb. 

1  = 
14 
24 

5 

=240  1262 
240  0455.5 
2412091 
240 1907 

+  .325  E 
+  375.5  E 
+  370  E 
+  280  E 

+  170.1  E        Periodic  inequality 
+  380.0  E 
....         Irregular 

+  436.1  E        Periodical  inequality 

+  36o'e? 
+  266  E? 
+  410  E? 

+  460.2  E 
+  218  E 

....         Irregularly  periodic 
+  413  E 

....         New  star  of  1892 

+313  E 
....         Irregular 

+  407  E 

+  164'e'?        (Hartwig) 

....         Irregularly  periodic 
+  .375  E 

....         Irregularly  periodic 
+  231.4  E        Periodic  inequality 

+  313  E 
+  332.0  E 

+   27.0122  E  (Yendell) 
....         Irregular 

+  262.5  E?     (Hartwig) 
+380.0  E 
3+   10.15382  E 
+370.2  E   +35  sin  (6° E  + 78°) 
+364  E            (Pickering) 

+  337.7  E 

+  140.0  E 

+  1''  3"  15'"  46^0  E     Alr/ol-tyi^e 

+276  E 

+  46.10  E      Periodic  inequality 

+  .330.3  E   +20  sin(12°E  +  30°) 

+  322.7  E        Periodic  inequality 
+  410  E 

24 
13 
4 

5 

21 
12 

20 
5 

o 

o 
3 

17 
6 

13 

5 
5 
1 

11 

6 

8 

3 

10 

21 
3 

19 
9 

12 
44 

17 

10 
6 

3 
1 
1 

7 
2 

13 

2 

6 
6 
4 

1 

14 
o 

3 

9 

'7 

2' 
23 

3 
37 

o 

8 

1798,  185.^-96 
1855-59,  83-9G 
1891-96 
1864-67,  91,  92 

1826,  54,  71-96 
1846-74,  83-94 

1855-8.3,  94 

1889-95 
1891-96 
1892-94 

1862-74,  79-94 
1873-95 

1863-75,  83-96 

1859,  92-95 

1891-94 

1,S94 

1885-96 

1844,  65-81 

1886-95 

1853,  83-94 

1887.  95 
1874,  84-95 

1796,  1855-94 
1889-95 

1796,  1822,  59-95 

1872-74,  86-92 

1887-93 

1857,  80-86,  92-95 

1873,  74,  81-95 

1856-75,  83-95 

1854,  70-73, 83-94 
1880-95 

1872  Sept. 
1855  !Mar. 

13 
23 

240  5050 
239  8666 

1864  :Mar. 

5 

24019.36.7 

1889  Dec. 
1891  Feb. 
1894  Nov. 

1862  Nov. 
1889  Oct. 

6 

14 

5 

17 
6 

241  1343 
2411778 
241  3138 

240 1462 
241  1282 

1870  Feb. 

1 

240  4095 

1892  July 

29 

241  2309 

1891  Jan. 

17 

241 1750 

1894  Dec. 

27 

2413190 

1885  Dec. 

1 

240  9877 

Mix.  1865  Nov 

1886  Dec.    14 
1883  Feb.    11 
1885  Apr.     1 

.  5 

241  0255 
240  8853 
240  9633.63 

1887  Dec. 
1874  Sept. 

1888  Jan. 
1868  Feb. 

1889  Sept. 

1859  Feb. 

1872  Mar. 
Mix.  1887 
1880  Feb. 

1873  Apr. 

1863  May 

11 

15 

3 

7 
20 

13 

20 
Mai 

8 
26 

3 

2410617 

240  5782 

241  0640.60. 
240  3370.0 
241 1266 

240  0089 
240  4873 
.  26"  15"  18'" 
240  7754 
240  5275 

240  1629 

1870  Mar. 
1880  Feb. 

16 
14  = 

240  4138 
=  240  7760 
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1900.0                1 

1900 

185.1.0                1 

Red- 

Magnitude 

Xo. 

Star 

K.A. 

Decl. 

Annual  Variation 

K.A. 

Decl. 

ness 

Max. 

Min. 

2742 

S  Gcminorum 

h      in      s 

7  87     3 

+23°  ll'l 

+3!61 

-0.14 

Ii      111      a 

7  34  20 

+23°  47.2 

3 

8.2-  8.7 

<1.3.5 

2776 

W  Vupiiis 

42  39 

-41  57.1 

1.99 

0.14 

41    9 

-41  50.6 

- 

9.5 

12.0 

2780 

T  IJi'iiiiiioruin 

43  18 

+  23  59.0 

3.61 

0.15 

40  36 

+  24     5.5 

3.0 

8.1-  8.7 

<  1.3.5 

2783 

S  l*ui)pis 

43  50  ; 

-47  51.9 

1.74 

0.15 

42  31 

-47  45.4 

- 

7.2 

9 

2815 

U  Geiniuonim 

49  10 

+  22  15.8 

3.56 

0.15 

46  30 

+  22  22.7 

0.0 

S.'.l-  9.7 

i;!.i 

2852 

V  Pupjus 

55  22 

-48  58.4 

1.73 

0.16 

54    4 

-48  51.2 

_ 

4.4 

5.2 

2857 

U  Puppis 

7  56     8 

-12  33.8 

2.81 

0.16 

7  54    2 

-12  26.6 

3.2 

8.5-  9.0 

<14 

2946 

R  Caneri 

8  11     3 

+  12     2.0 

3.32 

0.18 

8    8  34 

+  12  10.1 

5.3 

6.0-  8.3 

<11.7 

2976 

V  CaiuTi 

16     1 

+  17  36.1 

3.43 

0.19 

13  27 

+  17  44.5 

4.3 

6.8-  7.7 

<12 

3040 

V  Caiinae 

26  41 

-59  47.3 

1.24 

0.20 

25  46 

-59  38.3 

- 

7.2 

8.0 

3055 

X  Caiinae 

29     7 

-58  53.2 

i.;u 

0.20 

28    8 

-58  44.1 

_ 

7.8 

8.6 

3060 

U  Caiu-ii 

30     3 

+  19  14.4 

3.44 

0.20 

27  28 

+  19  2.3.5 

2.3 

8.4-10.6 

<14 

3087 

T  ^'elol•llm 

34  26 

-47     0.7 

1.95 

0.21 

32  58 

-46  51.3 

_ 

7.5 

8.5 

3109 

S  CaiH-ii 

38  14 

+  19  23.6 

3.44 

0.21 

35  39 

+  19  33.2 

1 

8.2 

9.8 

3128 

R  Tyxidis 

41  17 

-27  50.2 

2.53 

0.22 

39  23 

-27  40.5 

6 

8.0 

<11 

3170 

S  Hydrae 

48  21 

+  3  26.7 

3.13 

0.22 

46    0 

+  3  36.8 

2.1 

7.5-  8.7 

<12.2 

3184 

T  llviliae 

50  48 

-  8  45.6 

2.92 

0.23 

48  37 

-  8  35.4 

1.8 

7.0-  8.1 

<13 

3186 

T  Caucri 

8  50  57 

+  20  13.9 

3.43 

0.23 

8  48  23 

+20  24.1 

7.4 

8.0-  8.5 

9.3-10.5 

3264 

W  Caiieri 

9     4     (» 

+  25  39 

3.52 

0.24 

9    1  21 

+25  50 

— 

9.6 

<13 

3355 

W  Caiiuae 

19  15 

-55  32.0 

1 .82 

0.26 

17  53 

—  5o  20.5 

- 

7.5 

.S.5 

3407 

S  Antliae 

27  56 

-28  11.2 

2.63 

0.26 

25  57 

-27  .59.4 

0 

6.7 

7.3 

3409 

X  Veloriiin 

28  11 

-56  35.6 

1.83 

0.26 

26  49 

-56  2.3.8 

2 

3.4 

4.4 

3416 

S  Velonim 

29  27 

-44  45.9 

2.26 

0.26 

27  45 

-44  .34.1 

_ 

7.8 

9.3 

3417 

U  Veloniiu 

29  28 

-45     4.3 

2.25 

0.26 

27  46 

-44  52.4 

— 

8.1 

8.5 

3418 

R  Carinae 

29  44 

-62  20.8 

1.52 

0.26 

28  36 

-62     8.9 

5 

4.3-  5.7 

9.3-10.0 

3425 

X  Hydrae 

30  44 

-14  14.7 

2.87 

0.27 

28  35 

-14     2.8 

8.4 

11.8 

3467 

R  Sextantis 

37  46 

-    7  38.7 

2.97 

0.27 

35  33 

-  7  26.5 

_ 

9.7 

10.6 

3477 

R  Leoiiis  minoris 

39  35 

+  34  58.3 

3.61 

0.27 

36  52 

+35  10.6 

6.0 

6.1-  7.8 

13 

3493 

R  Leonis 

42  11 

+  11  53.6 

3.23 

0.28 

39  45 

+  12     5.9 

6.9 

5.2-  6.7 

9.4-10.0 

3495 

/  Carinae 

42  30 

-62     2.8 

1.65 

0.28 

41  16 

-61  50.4 

- 

3.7 

5.2 

3567 

V  Leonis 

54  28 

+  21  44.5 

3.36 

0.29 

51  57 

+  21  57.3 

1.7 

8.6 

<13.5 

3569 

RR  Caiinae 

9  54  50 

-58  23.0 

1.94 

0.29 

9  53  23 

-58  10.2 

_ 

8.2 

9.6 

3633 

R  Antliae 

10     5  27 

-37  14.4 

2.59 

0.29 

10    3  30 

-37     1.2 

— 

6.5 

<8 

3637 

S  Carinae 

6  11 

-61     3.6 

1.92 

0.29 

4  45 

-60  50.4 

5 

6.0 

9.0-  9.2 

3662 

Z  Carinae 

1(1  24 

-~>S  21 

2.07 

0.30 

8  51 

-58     8 

- 

9.4 

12.1 

3712 

L'  Leonis 

18  42 

+  14  30.(i 

3.22 

0.30 

16  17 

+  14  44.1 

_ 

9.5 

<13.5 

3767 

Y  Carinae 

29  25 

-57  59.0 

2.25 

0.31 

27  44 

-57  45.1 

_ 

7.8 

,s.(; 

3796 

U  Hydrae 

32  37 

-12  51.9 

2.96 

0.31 

30  24 

-12  38.1 

7 

4.5 

6.1-  6.3 

3825 

R  Ursae  Majoris 

37  34 

+69  18.0 

4.32 

0.31 

34  19 

+  69  32.1 

1.6 

6.0-  8.2 

12.6-13.2 

3847 

ij  Carinae 

41   11 

-59    9.5 

2.32 

0.31 

39  27 

-58  55.4 

5 

>1 

7.4 

3881 

V  Hydrae 

4(i  4(; 

-20  43.2 

2.91 

0.32 

44  34 

-20  28.8 

9 

6.7 

9.5 

3890 

W  Leonis 

48  21 

+  14  14.9 

3.18 

0.32 

45  58 

+  14  29.2 

3.5* 

9 

<14 

3908 

T  Carinae 

51   18 

-59  54.2 

2.39 

0.32 

49  30 

-59  44.8 

_ 

6.2 

().9 

3922 

U  Carinae 

53  44 

-59  11.8 

2.43 

0.32 

51  54 

-58  57.4 

_ 

6.7 

8.5 

3934 

R  Crateris 

10  55  38 

-17  47.3 

2.95 

0.32 

10  53  26 

-17  .32.8 

8.1 

>8 

<9 

3983 

RS  Carinae 

11      3  54 

-61  23.6 

2.48 

0.32 

11    2    3 

-61     9.0 

_ 

8 

11 

3994 

S  Leonis 

5  41 

+  6     0.2 

3.11 

0.32 

3  21 

+   6  14.9 

0.0 

9.0-10.0 

<13 

4160 

T  Leonis 

33  19 

+  3  55.5 

3.08 

0.33 

31    0 

+  4  10.5 

_ 

10 

<1.3.5 

4225 

X  Centauri 

11  44  12 

-41  11.9 

+  2.99 

-0.33 

11  41  57 

-40  56.9 

- 

7.8 

12.4 

N"-  370 
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Xo. 


2742 
2770 

2780 
2783 
2815 

2852 
2857 
2946 
2970 
3040 

3055 
3060 
3087 
3109 
3128 

3170 
3184 
3186 
3264 
3355 

3407 
3409 
3416 
3417 
3418 

3425 
3467 


M  —  7« 


127: 


125: 
110 
3.0 

0.27 

1.8 


0.9 


136 


Elenieiits  of  Maximmn,  Greenwich  M.T. 
Epoch  (C'al.)  (.Julian)  Period  Tnoqualities 


Remarks 


Ba.sis  of  Elements 
M       m  Dates  included 


1852  Feb.  27  = 
1848  Dec.   7 
1895  Oct.  '28 


1881  Jfar.  8 
1852  Apr.  21 
1871  May  20 


1893  Feb.  22 
1853  Apr.  18 

Mix.  1867  Aug. 

1889  Dee.  13 

1857  Feb.  13 

1858  Feb.  28 
Mix.  1858  Jan. 

1890  Nov.  22 


=  239  7546 
239  6369.; 
241  3495 


240  8148 
2;>;»  7600.1 
24()45(;8 


-294  E 


+  2.S,S.l  E 
+   S6.3  E 


Large  irregularities 
(Roberts) 


+  315  E 

+:;52.8iE  +0.207  E- 

+  272.1  E 

6.66  (Roberts) 


2412517.23    +     0.541.3368  E  (Roberts) 
239  7962         +;i05.0E 

4.6  (Roberts) 

31d  i4h  2m.89  +9"  11"  37"'  45»  E  (Schonfeld)     J/yr^/-tvpe 
2411350         +355  E? 

2.39  9;;.''.9         +257.0  E        Periodic  inequality 
239  97;!9  +288.8  E 

26    239  9706  +482  E 
241 1694         +381  E  ? 

4.38  (Roberts) 


Mix.  1888  Apr. 

Mix.  1894  May 

1871  Aug.  13 

1892  Mar.  22     241  2180 


13''  12"  38"\0  +0''  7"  46"'  48=.0  E     J/yo^type 
.    .    .    .  ....  Short  period 

1*  8"  22"'.o     +5''  22"  24"".35  E     (Roberts)     Ah/oUyije 

65  (Roberts) 

240  4653         +309.5  E   +25  sin  (9°  E +279°) 


+  296  E 


20 
17 


5 

19 
12 


16 


17 
19 


3477 

170 

3493 

144 

3495 

15 

3567 

_ 

3569 

_ 

3633 

_ 

3637 

86 

3662 

- 

3712 

_ 

3767 

0.92 

3796 

_ 

3825 

107 

3847 

- 

3881 

3890 

_ 

3908 

_ 

3922 

6.0 

3934 

- 

3983 

_ 

3994 

125: 

4160 

— 

4225 

140 

1865  Mar.  12 
1757  Apr.  26 
1871  July  24 


(Paul) 
,    .    .    .  ....         Variability  doubtful 

240  2308.0      +370.5  E   +20  sin(10°E  +  300°) 

236  2907         +312.8  E        Periodic  inequality.      See  note 

240  4633.0      +  35.05  E 


1882  Apr.     2     240  8538         +273.7  E 


1872  May     8     240  4922         +148.7  E 


....  Variability  very  doubtful 

1894  Feb.      9     241 2869.2  +     3.637  E    (Roberts) 

....         Irregularly  periodic 

1853  Apr.      7     239  7951.2  +:!02.1  E   +15  sin  (10"  E  +  190'') 

....  Irrey-ular 


Period  long  and  irregular 

Period  in  doubt 

Period  probably  very  short 

(Roberts) 

Variability  not  certain 


18 
2 

18 
50 
24 


1892  Feb.      1     241 2130         +   38.6  E 

1860  Dec.      1     240  0746         +190.0  E 
1889  May   27=2411150         +314  E? 


"  New  star  "  (?) 
-25  sin(lO''E+60°) 


41 


19 
4 


10 

15  + 

8 

1 

5 
16 


1848-73,  86-94 
1848-74,  86-96 


1881-8.3,  93 
1830,  52-85,  95 
1855,  71-75,  83-95 


1853-59,  69-95 


1851,80,  89-95 

1852-86,  94,  95 
1851-73,  84,  92,  95 
1858-75,  84,  87, 96 
1890-95 


1888-95 

1894,  95 
1895 

1752, 1867-95 

1895,  96 

1796, 1865-95 
1757-1896 
1871-74,  91,  92 

1855,  82-94 


1872-80,  91 


17 


1843-95 


1859-95 

1889-95 


152 


THE     A  S  T  R  0  N  0  ]\I  I  C  A  L     JOURNAL. 


X"- 


1900.0                 1 

1000 

1855.0 

Keil- 

Magnitude 

No. 

Star 

R.A. 

Decl. 

Annual  Variation  , 

K.A. 

Decl. 

uess 

Max. 

Min. 

4260 

\V  C'entauii 

h       ni        8 

11  50     2 

-58°  il.'s 

+  2!98 

-0.33 

b       m       B 

11  47  49 

-58°  26.8 

_ 

8.6 

13.0 

4300 

X  Yirijiiiis 

56  44 

+   9  37.7 

3.08 

0.33 

54  25 

+  9  52.7 

- 

8-10 

12 

4315 

R  Comae 

11  59     7 

+  19  20.3 

3.08 

0.33 

11  56  49 

+  19  35.4 

4.0 

7.4-  S.O 

<13.5 

4364 

S  :Musiae 

12     7  24 

-69  35.7 

3.19 

0.33 

12    5    1 

-69  20.7 

- 

6.5 

7.3 

4377 

T  Vii-ginis 

9  29 

-  5  28.8 

3.08 

0.33  1 

7  10 

-   5  i;!.S 

4.1 

8.0-  8.8 

10-<13.5 

4407 

R  Corvi 

14  27 

-18  42.0 

3.10 

0.33 

12    8 

-18  26.9 

3.7 

6.8-  7.7 

<11.5 

4415 

T  Ciucis 

15  54 

-61  43.6 

3.24 

0.33 

13  28 

-61  28.6 

- 

6.8 

7.6 

4429 

R  Ciueis 

18     8 

-61     4.5 

3.26 

0.33 

15  42 

-60  49.5 

- 

6.8 

8.0 

4435 

S  Centauri 

19  12 

-48  53.2 

3.20 

0.33 

16  48 

-48  38.2 

- 

1 

') 

4488 

U  Centauri 

28     0 

-54     6.3 

3.30 

0.33 

25  32 

-53  51.3 

- 

9.2 

n.3 

4492 

Y  Virginis 

28  44 

-  3  52.3 

3.08 

0.33 

26  25 

-  3  37.3 

3.6 

8-  9.4 

11.5-13 

4511 

T  Ursae  ^lajoris 

31  50 

+60     2.3 

2.75 

0.33 

29  47 

+  60  17.2 

2.0 

6.0-  8.5 

12.2-13.0 

4521 

R  Virginis 

33  26 

+  7  32.3 

3.05 

0.33 

31    9 

+   7  47.2 

1.3 

6.5-  8.0 

9.7-11.0 

4536 

R  Muscae 

35  58 

-68  51.5 

3.61 

0.33 

33  17 

-68  36.7 

- 

6.6 

7.4 

4557 

S  Ursae  ^lajoris 

39  34 

+  61  38.4 

2.63 

0.33 

37  35 

+  61  53.3 

3.2 

6.7-  8.2 

10.2-11.5 

4596 

U  Virginis 

46     1 

+   6     5.8 

3.04 

0.33 

43  45 

+   6  20.6 

1.1 

7.7-  S.l 

12.2-12.8 

4611 

S  Crueis 

12  48  27 

-57  53.3 

3.52 

0.33 

12  45  49 

-57  38.5 

- 

{i.C> 

7.8 

4731 

S  Canuni  Venat. 

13     8  31 

+37  54.5 

2.77 

0.32 

13    6  24 

+38     8.9 

6.3* 

7.3 

9 

4805 

W  Virginis 

20  52 

-   2  51.5 

3.09 

0.31 

18  33 

-  2  37.4 

0.4 

8.7-  9.2 

9.8-10.4 

4816 

V  Virginis 

22  38 

-  2  39.2 

3.09 

0.31 

20  19 

-  2  25.2 

2.7 

8.0-  9.0 

<13 

4826 

R  Hydrae 

24  15 

-22  45.9 

3.27 

0.31 

2148 

-22  31.8 

5.9 

3.5-  5.5 

9.7 

4847 

S  Virginis 

27  47 

-  6  40.8 

3.13 

0.31 

25  26 

-  6  26.8 

2.6 

5.7-  8.0 

12.5 

4885 

Z  Centauri 

34  17 

-31     7.6 

3.39 

0.31 

3144 

-30  53.8 

- 

7.2 

11.5< 

4896 

T  Centauri 

36     2 

-33     5.5 

3.43 

0.31 

33  28 

-32  51.7 

- 

5.9 

9.2 

4940 

W  Hydrae 

43  23 

-27  52.0 

3.38 

0.30 

40  51 

-27  38.5 

8.2* 

6.7 

8.0 

4948 

R  Canum  Venat. 

44  39 

+  40     2.4 

2.58 

0.30 

42  43 

+  40  15.9 

_ 

6.1-  7.0 

11.5 

5037 

RR  Virginis 

13  59  35 

-  8  43.1 

3.17 

0.29 

13  57  12 

-   8  30.0 

- 

11-12 

<14 

5070 

Z  Virginis 

14     4  58 

-12  49.8 

3.23 

0.29 

14    2  33 

-12  36.5 

— 

9.5-11 

<14 

5095 

R  Centauri 

9  22 

-59  26.9 

4.28 

0.28 

6  10 

-59  14.1 

6 

6.0-  6.3 

8.7-  9.8 

5097 

T  Bootis 

9  25 

+  19  32.0 

2.82 

0.28 

7  18 

+  19  44.7 

- 

9.7  ? 

<13 

5134 

T  Lupi 

15  43 

-49  23.5 

3.94 

0.28 

12  46 

-49  11.0 

_ 

9.2 

11.2 

5144 

Y  Bootis 

17  22 

+  20  15.8 

2.79 

0.28 

15  16 

+  20  28.2 

— 

8.0 

8.6 

5156 

X  Bootis 

19  27 

+  16  46.4 

2.84 

0.27 

17  19 

+  16  58.8 

4 

9.0-  9.4 

10.2 

5157 

S  Bootis 

19  32 

+  54  15.9 

2.01 

0.27 

18    1 

+  54  28.3 

2.8 

7.7-  8.5 

12.5-13.2 

5174 

RS  Virginis 

22  16 

+  5     7.6 

+3.00 

0.27 

20    1 

+  5  19.9 

- 

8.2 

12  ? 

5190 

R  Camelopardalis 

25     6 

+  84  17.1 

-4.83 

0.27 

28  54 

+  84  29.2 

2.1 

7.2-  8.6 

11.8-13.5 

5191 

Y  Centauri 

25     5 

-29  39.1 

+3.52 

0.27 

22  27 

-29  26.9 

- 

7.7 

8.8 

5192 

V  Centauri 

25  23 

-56  26.7 

4.27 

0.27 

22  12 

-56  14.5 

- 

6.7 

7.6 

5194 

V  Bootis 

25  42 

+39  18.5 

2.42 

0.27 

23  54 

+  39  30.4 

3.6 

6.9-  7.6 

9.0-10.5 

5237 

R  Bootis 

32  47 

+  27  10.2 

2.65 

0.26 

30  48 

+  27  22.1 

2.7 

5.9-  7.8 

11.3-12.2 

5249 

V  Librae 

34  48 

-17  13.6 

3.33 

0.26 

32  18 

-17     1.8 



9.3  . 

12.2 

5274 

W  Bootis 

39     2 

+  26  57.2 

2.64 

0.26 

37    3 

+  27     8.9 

- 

5.2 

oil 

5319 

R  Apodis 

46  28 

-76  15.3 

6.70 

0.26 

41  30 

-76     4.0 

- 

5.5 

6.2 

5321 

S  Lupi 

46  42 

-46  12 

4.00 

0.25 

43  42 

-46     1 

- 

9.7 

<12 

5338 

U  Bootis 

49  42 

+  18     6.0 

2.78 

0.25 

47  37 

+  18  17.1 

2.7 

9.1-10.0 

12-13.6 

5374 

8  Librae 

55  38 

-  8     7.3 

3.20 

0.24 

53  14 

i  -   7  56.4 

1 

5.0 

6.2 

5396 

S  Apodis 

14  59  21 

-71  40.4 

5.92 

0.24 

54  57 

-71  29.6 

— 

9.0 

<11.4 

5402 

T  Triang.  Austr. 

15     0  24 

-68  20.1 

5.46 

0.24 

56  20 

-68     9.4 

- 

().9 

7.4 

5405 

RT  Librae 

15     0  47 

-18  20.8 

+  3.39 

-0.24 

14  58  15 

-18  10.1 

" 

8.5 

11.7< 

N"-  379 
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No. 

M—m 

Eiiocli  ((Jill.) 

KleiiiPiits  of  Maxiiuum,  Greenwich  M.T. 
(.Iiilian)                     Period             liiequalitie.s                 Remarks 

3[ 

Bas 
m 

is  of  Elements 
Dates  inc'liideii 

4260 
4300 
4315 
43()4 
4377 

4407 
4415 
4429 
4435 
4488 

4492 
4511 
4521 
4536 
4557 

4596 
4611 
4731 
4805 
4816 

4826 
4847 
4885 
4896 
4940 

4948 
5037 

5070 
5095 
5097 

5134 
5144 
5156 
5157 
5174 

5190 
5191 
5192 
5194 
5237 

5249 
5274 
5319 
5321 
5338 

5374 
5396 
5402 
5405 

3.5 

2.73 
1.4 

85: 

107.5 

68.5 

0.295 

113.0 

88 
1.5 

8.20 

190 
157: 

42 

60: 

126 

120: 

2.50 
97 
101.5 

95 

1889  Apr.    18 

241  1111^' 

+  370  E? 

+  361.8  E 

+      9.66  E      (Roberts) 

+  339.5  E 

+  318.5  E 

6.(;(;9         (Itobeits) 
+      5.S27         (Roberts) 
....          Varial)ility  not  certain 

+  218.8  E 

+  257.2  E   +20  sin  ([)"  E  +  90°) 
.47E+20sin(ll°E  +  216°)  +  4.8sin(V°  +  343°) 
> +0.882  253  e" 

+  226.1  E  +43  sin  (5°.76  E  +  18r.5) 

+  207.0  E        Periodic  iiietiuality 
+     4.692  E    (Roberts) 

....          Varialiility  soiucwliat  doubtful 
6  +  17.2711  E 
+  250.5  E 

+  425.15  E   -0.36E-+15siu(7°.5E  +  202°) 
+  376.4  E   +20  sin  (7°.5  E  +  180°) 
+  374  E??       See  note 
+  91.2  E        (Roberts) 
+384  E 

+  338  E 
+  217  E 
+  ,306.5  E 
+  l(i0.5E 
....          *^nlj-  one  appearance  Ivnowii 

2.6            .l/v(i/-type  ? 
121.5 
+  268.2  E   +0.246  E'^  -0.005  E^^ 
+  360  E 

+  269.5  E 

....          Variability  somewhat  doubtful 
+      5.543  E    (Roberts)" 
+  256  E            (Duuer) 
+  223.4  E   +10  sin  (10°  E  + 80°) 

+  360  E? 
....         Irregular 

+  345  E-.' 
+  176.7  E 

+  2''  7'>  51'"  22^8  E     ^/r/o/-type 

0.98 

4 
9 
8 
12 

4 

38 
76 
19 
59 

22 

41 
16 

24 
19. 

3 

7 

7 
9 
8 
8 

35 
6 

35 

10 
33 

3 

3 
12 

2 

2 

14 
27 
15 
37 

7 

45 

6 
2 

3 

3 

10 

11 

5 
17 

9 
93 

1889-95 

1831,  56,  83-95 

1861-75,  84-95 

1851,68-75,83-95 

1882-93 
1843,  ()0-95 
1809-95 
1871-92 
1790,  1843-95 

1813-31,  57-95 

1866-72,  89-92 
1857-75,  83-94 

1784-1890 

1795,  1824,  52-95 

1885-96 

1894,  95 

1875,  89-94 

1858,  85-94 
1873,  79-95 
1855,  80-95 
1871-78,  91,  92 

1865-95 
1890-95 

1862-95 

1884-95 
1858-95 

1880-94 

1891-94 
1857,  80-95 

1797, 1837-88 

185(;  Dec.    10 
1892  Jan.      3 
1861  .Vpr.    26 

18()8  May    23 

239  9294 
241  2101.6 

2looS'.)l 

240  3476 

1891  Dec.    25 

2412092.0 

1SS3  Mar.  10 
1860  Oct.    21 
1809  June  0  23 
1871  Aug.  16 
1860  June  24 

1866  June  25 
1892  Jan.      2 

240  8880 
i'40  0705.8 
S  19.34.8  + 145 
240  4()5().65t 
240  0586.0 

240  2778.0 
2412100.4 

1866  Apr.   l(i 
1860  Feb.    15 

1891  July   17 
1852  Jan.    24 
1885  Apr.   12 
1895  June    9 
1889  Feb.    27 

1888  Mar.  21 

1879  May   13 

1880  May  25 
1871  MaV   25 

240  2708. 26C 
240  0456.5 

241 1931.0 

239  7512 

240  9644 

241  3.354 
241  1061 

241  0718 
240  7483 
240  7861 
240  4573 

1863  May    10 
1890  May   22 

1869  Aug.  29 

240  1636 

241  1510 

240  3939 

1894  July   27 
1884  Aug.  30 
1858  June     8 

1882  Apr.   30 

241  3037.03 
240  9419 

239  9839 

240  8566 

1891  Aug.     1 
1880  Mar.  11 

Mm.  1867  Oct 

241  1946 

240  7786 

25''  9"  17"'.5 

ira 


THE     ASTK  GNOMICAL     JOUKXAL, 
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Xo.     1                   Star 

1900.0 
H.A.                Decl. 

!          moo 

Annual  Variation 

1S.J5.0 
K.A.      1        Decl. 

1 

Red- 
ness 

Mil 
Ma.\. 

gnitmle 
ilin. 

5430     T  Librae 

h      m      a 

15     5     2 

-19  38.3 

+  3!42 

-0.23 

li      m      8 

15    2  28 

-19°  27.8 

9.2-10.2 

<14.7 

543S     Y  Librae 

6  24 

-  5  38:0 

3.17 

0.23 

4    2 

-  5  27.6 

_ 

8.2-  8.7 

12 

54l)5  ,  E  Triang.  Anstr. 

10  49 

-66     7.7 

5.31 

0.22 

6  52 

—  65  57.5 

_ 

6.6--  6.8 

7.5-  S.O 

5484 

U  Coroiiae 

14     7 

+  32     O.S 

2.45 

0.22 

12  17 

+32  10.8 

0.0 

7.5 

8.9 

5494 

S  Lilirae 

!         15  39 

-20     1.6 

3.44 

0.22 

l.S    4-19  .-.1.7 

3.0 

7.6-  S.3 

<13 

5501 

iS  Serpeutis 

k;  59 

+  14  40.4 

2.81 

0.22 

14  52 

+  14  50.3 

4.1 

7.6-  8.7 

12.5'.' 

5504 

S  ("oronae 

17  19     +31   43.6 

2.45 

0.22 

15  29 

+31  53.5 

4.9 

6.1-  7.8 

11.9-12.5 

5511 

KS  Librae 

IS  29 

-22  33.2 

3.50 

0.22 

15  52 

-22  23.4 

_ 

8.2 

13 

5533 

K  Xormae 

22  11 

-50  13.9 

4.31 

0.21 

18  57 

-50     4.4 

_ 

7 

13 

5566 

RU  Librae 

27    11 

-14  59.4 

3.35 

0.21 

25  10 

-14  50.0 

- 

fi.rt 

<12 

5583 

X  Librae 

30  26 

-20  50.0 

3.48 

0.20 

27  50 

-20  40.8 

_ 

9.5-  9.9 

14 

5593 

\V  Librae 

32  12 

-15  50.6 

+3.37 

0.20 

29  40 

-15  41.5 

_ 

O.S 

<14 

5601   1   S  I'rsae  miiioris 

33  27 

+  78  5S.3 

-2.46 

0.20 

35  19 

+  79     7.2 

7 

7.4 

11.5 

5617 

V  Librae 

36  13 

-20  51.5 

+  3.48 

0.20 

33  37 

-20  42.6 

3.4 

9 

<14 

5644 

Z  Librae 

40  42 

-20  48. 8 

3.49 

0.19 

38    5 

-20  40.1 

- 

11 

<13 

5667 

R  ('oronae 

44  27 

+28  27.8 

2.47 

0.19 

42  3(; 

+  28  3(;.3 

0.5 

5.S 

13.0 

5675 

V  C'oroiiae 

45  57 

+39  52.3 

2.14 

O.IS 

44  21 

+  40     0.7 

5.9 

7.2-  7.7 

10.3-12.0 

5677 

R  Serpentis 

46     5 

+  15  26.3 

2.76 

0.1  S 

44    1 

+  15  34.6 

3.7 

5.6-  7.6 

13 

5682 

E  Lupi 

46  59 

-35  59.9 

3.SS 

0.18 

44    5 

-35  51.6 

_ 

9 

<11 

5688 

R  Librae 

47  56 

-15  56.3 

3.39 

0.18 

45  24 

-15  48.1 

2 

9.2-10.0 

<13 

5704 

RR  Librae 

50  39 

-18     0.7 

3.44 

0.18 

48    4 

-17  52.6 

3 

S.4 

14 

5713 

S  Triang.  Austr. 

52  12 

-63  29.5 

5.35 

0.18 

48  12 

-63  21.4 

_ 

(;.5 

7.5 

5732 

T  C'oronae 

55  19 

+26  12.2 

2.51 

0.17 

53  26 

+  26  20.1 

"1 

2.0 

9.5 

5750 

U  Triang.  Austr. 

58  25 

-62  38.3 

5.30 

0.17 

54  27 

-62  30.6 

_ 

1 . 1 

8.7 

5758 

X  Herculis 

15  59  39 

+47  30.8 

1.81 

0.17 

58  17 

+  47  38.4 

7 

5.9-  6.3 

6.8-  7.2 

5761 

Z  Scorpii 

16     0     8 

-21  27.7 

3.53 

0.17 

15  57  29 

-21  20.1 

_ 

9.0-  9.5 

12? 

5768 

RR  Herculis 

1  28 

+50  46.3 

1.65 

0.17 

16    0  11 

+  50  54.2 

6.3* 

7.S 

9.5 

5770 

R  Herculis 

1  44 

+  18  38.4 

2.68 

0.16 

15  59  43 

+  18  45.9 

2.0 

8.0-  9.2 

<13 

5776 

X  Scorpii 

2  40 

-21  15.6 

3.53 

0.16 

16    0    2 

-21     8.3 

_ 

10 

<13 

5795 

W  Scorpii 

5  55 

-19  52.6 

3.50 

0.16 

3  18 

-19  45.3 

- 

10-11.2 

<14.7 

5823 

S  Xorniae 

.    10  35 

-57  39.2 

4.95 

0.15 

6  52 

-57  32.1 

6.5 

7.4 

5826 

T  Scorpii 

11     5 

-22  43.6 

3.57 

0.15 

8  25 

-22  36.7 

_ 

7.0 

<12 

5830 

R  Scorpii 

11  41 

-22  41.9 

3.57  • 

0.15 

9    1 

-22  35.0 

0.9 

9.4-10.5 

<13 

5831 

S  Scor])ii 

11  42 

-22  39.0 

3.57 

0.15 

9    2 

-22  32.0 

0 

9.1-10.5 

<13 

5856 

W  Ophiuchi 

16     2 

-  7  27.5 

3.23 

0.15 

13  36 

-   7  21.3 

6 

S.9-  9.5 

<13.5 

5860 

V  Scorpii 

16  45 

-17  38.5 

3.46 

0.15 

14  10 

-17  31.9 

_ 

9? 

<12 

5887 

V  Oiiliiuclii 

21  10 

-12  12.0 

3.33 

0.14 

18  40 

-12     5.5 

6.6 

7.0-  7.5 

9.6-10.5 

5889 

V  Herculis    * 

21  22 

+  19     7.2 

2.65 

0.14 

19  23 

+  19  i;5.6 

6.5 

6.6-  7.8 

11.4-12.7 

5903 

Y  Scorpii 

23  49 

-19  13.3 

3.50 

0.14 

21  12 

-19     7.1 

_ 

10? 

14 

5912 

ff  Herculis 

25  21 

+42     6.1 

1.97 

0.13 

23  53 

+42  12.2 

3 

4.7-  5.5 

5.4-  6.0 

5928 

T  Ophiuchi 

28     1 

-15  55.2 

3.42 

0.13 

25  27 

-1.-)  4'.l.2 

10. 

<12.5 

5931 

S  <  )phiuchi 

28  30 

-16  57.0 

+  3.45 

0.13 

25  55 

-16  51.1 

1 

8.3-  9.0 

<13 

5948 

R  Ursae  minoris 

31  IS 

+  72  28 

-0.84 

0.13 

3157 

+  72  34.4 

3.2 

8.6-  9.0 

10.0-10.5 

5949 

R  Arae 

31  26     -56  47.6 

+4.96  ' 

0.13 

27  43 

-56  41.8 



6.9 

8a} 

5950 

\Y  Herculis 

31  41 

1 

+  37  32.4 

2.13 

0.13 

30    5  1 

+  37  .-W.l 

3.2 

8.0-  8.4 

11.5-14 

5952 

Y  Herculis 

32     (» 

+    7   18.6 

2.91 

0.13 

29  50 

+    7  23.3 

O.'.l 

S.O 

5955 

R  Draconis 

.■!2   2;! 

+  66  57.8  i 

0.14 

0.12 

32  17 

+  67     3.5 

2.0 

6.5-  8.7 

12-13 

6005 

S  Draoonis 

40  46 

+55     7.2 

1.27  1 

0.11 

39  49 

+  55  11.8 

7.0* 

7.5-  8.2 

9.3 

6044 

S  Herculis 

16  47  21  i 

1 

+  15     6.6 

+2.73  ' 

-0.10 

16  45  18 

+  15  11.4 

5.6 

5.9-  7.5 

11.5-13 

JS(<-37'.) 
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No. 


M —  m 


5430 

105 

54.38 

_ 

54  (;5 

0.83 

54S4 

_ 

5494 

- 

.5501 

55(14 

116 

5511 

_ 

553.3 



55l)() 

- 

5583 

80 

5593 



5(101 

_ 

5(517 

_ 

5G44 

- 

5(!(;7 

5(i75 

171 

5677 

1.31 

5682 

_ 

5688 

- 

5704 

5713 

_ 

5732 

_ 

5750 

0.76 

5758 

(JO 

5761 

5768 



5770 

_ 

5776 

_ 

5795 

146: 

5823 

5826 

_ 

5830 

_ 

5831 

_ 

5856 

- 

5860 

5887 

ITC: 

5889 

167 

5903 

_ 

5912 

- 

5928 

_ 

5931 

_ 

5948 

_ 

5949 

— 

5950 

125 

5952 

5955 

112 

6005 

6044 

148 

Klomcnt.s  of  jMaxinium,  Grofiiiwicli  M.T. 
Kpocli  (Cal.)  (.Julian)  I'oi-iod  liiciiiialities  Kemarks 

1878  Aiir.   30     240  710,';  +2.38  E 

1861  June  22     240  0949  +272  EV 

1871  July   14     240  4623.71    +      3.;?8922  E 

Mix.  1870  j\Iar.  25''  10"38"'.5  +.3''  1()''51"'  12«.4  E.— 0.0018  K-  A/yo/-tx\>e 

1874  June  17     2405(;92  +192.1  K 

1828  Apv.      2     238  8815  +365.4  K   +60  .siu  ((;°.5  E +347°) 

18(;o  Auu.   24     240  0(i47  +.360.8  E 

lS89Julv      6     2411190  +221  E 

.    .    .    .' ....         «  New  "  star  of  1 893 

1888  June  11      241  O.SOO  +.320  E '.' 

1878  July   17     240  71s;!  +1(;;!.(;!<: 

1878  iMay    27     240  7132  +20(;  E 

1890  Se]  it.    4     2411615  +328  E 

1873  July  23     240  .VUW^  +22(5.2  E        Periodif  inequality  ? 

1878  May      4     240  7109  +295  E 

....         Irregular 

1878  Oct.    21      240  7279  +,35(i.5  E 

1827  May    22     238  8499  +.357.0  1':   +;;5  sin  (4°  E  +  48°) 

....         2  yrs.  period  doubtful 

1885  Juiu'  17     240  9710  +277.0  E 

(i.3  (Koberts) 

....         New  star  of  ltS66 

1894  Feb.      7     2412867.7  +     2..->46  E    (Roberts) 

1890  July     4     241 1553  +   92.5  E        Large  irregularities 

1873  May   13     240  .'i292  +.37(»  E 

18(55  July   18     240  243(5  +.317.7  E   +20  sin  (12°  E  +  324°) 

187(5  Apr.   19     240  (i.3(54  +199.0  E 

1876  May  26     240(5401  +222.3  E 

9.75  (Roberts) 

....         New  star  of  1860  in  iliessierSO 

18(53  Mar.  25     240  1590.5  +224.5  E        Periodic  inequality 

1837  June    1     2.39  21(32.4  +176.7  E 

1881  July  10     240  8272  +.331 .3  E 

» 

....         ( hily  one  appearance  known 

1874  May    2(5     240  5(570  +302.5  E 

18(50  Nov.     8     240  0723  +409  E  Periodic  inequality  ? 

1876  June  2(5     240(54.32  +359  E? 
....  Irregular 

18(50  Apr.      6     240  0507  +.'5(51  E?         Present  epoch  in  doubt 

1857  June  29     239  9495  +233.8  E 

....  Irregularly  periodic 

4''  10'>  12"'.7     (Roberts)     Ah/ol-tyi^e 

1879  July    12     240  7543  +280.0  E   +25  sin  (15° E +  330°) 

20.5 

1877  Ajir.      5     240(5715.8  +245.(5  E 

1856  Sept.    9     239  9202  +308.1  E        Large  irregularities 


Bas 

M 

lU 

5 

3 

6 

- 

_ 

37 

10 

- 

32 

_ 

29 

10 

5 

- 

3 

- 

15 

1 

9 

-_ 

4 

_ 

11 

_ 

5 

- 

15 

5 

33 

i 

10 

11 

11 

- 

23 

_ 

10 

_ 

12 

2 

24 

- 

26 

— 

5 

- 

10 

2 

16 

6 

O 

- 

5 

8 

- 

15 

rj 

20 

6 

24 

10 

Basis  of  Elements 

Dates  included 


1878-92 

1861,  78,  87-95 

1871,  72.  91 

1 858-89 

1856,  74,  83-95 

1794,  1828-95 

1860-93 

1889-95 

1888-95 

1 878-95 
1878-92 
1890-9(5 
1849,  73-93 
1878-86,  94 


1857-61.  78-95 
1783.  1827-95 


1851,  85-94 

1890-94 

1854,  73-95 

1825,  56-94 
1876-88,  91,  94 
1876-93 


1837-53,  63-94 
1837,  39,  54-95 
1823,  81-93 


1874-95 
18(50-85,  93 
1876,  80,  83 


18(50.  69-74,  83 
1857-71,  89-94 


1857,  79-95 

1797,  1858,  77-96 
1840-95 
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T  1 1  E     A  S  T  K  (1 X  I )  -M  I  C"  A  L     J  O  U  E  N  A  T, 


N«-  379 


No. 

Star 

1' 

li.A. 

mo.q 

'  Decl. 

1900 
.'Vnnual  Yariation 

K.A. 

555.0 

Decl. 

Red- 
ness 

Magnituile 
Max.      1          Mill. 

6050 

RS  Scorpii 

ll         111        s 

16  48  22 

-44  56.3 

+  4!34 

-0.10 

ll      III      d 

16  45    7 

-44"  51.'6 

7.0 

11.4 

60(52 

RR  Scoii)ii 

50  15 

-30  25:3 

3.82 

0.10 

47  23 

-30  20.7 

_ 

6.8-  7.7 

9.3-10.0 

6071 

RV  Scui'i)ii 

51  47 

-33  27.2 

3.92 

0.10 

48  51 

-33"  22.7 

6 

6.8 

7.6 

6083 

—  OpliiiU'hi 

53  54 

-12  44.4 

3.3() 

0.10 

51  23 

-12  40.0 

5 

5.5 

12.5 

6101 

RT  Scorpii 

16  56  48 

-36  40 

4.03 

0.09 

53  47 

-36  36 

- 

9.2 

12.9< 

6132 

R  Opliiuchi 

17     2     1 

—  15  57.6 

3.44 

0.08 

16  59  27 

—  \'i  53.7 

4.5 

7.0-  8.1 

<I2 

6170 

RW  Sioipii 

8  18 

-33  19 

3.93 

0.07 

17    5  21 

-33  15 

_ 

9.4 

14.1 

61S1 

a  Herculis 

10     5 

+  14  30.2 

2.73 

0.07 

8    2 

+  14  3.3.5 

5 

3.1 

3.9 

6189 

U  Opliiuchi 

11  27 

+   1  19.3 

3.04 

0.07 

9  11 

+   1  22.6 

0 

6.0 

6.7 

6202 

u  Herculis 

13  38 

+  33  12.3 

2.21 

0.07 

11  58 

+33  15.5 

4 

4.6 

5.4 

6207 

Z  (^i)hiuchi 

14  28 

+   1  37.3 

3.04 

0.07 

12  12 

+   1  40.3 

3.0 

7.5-  8.2 

11.8-12.5 

6225 

RS  Herculis 

17  31 

+  23     1.1 

2.51 

0.06 

15  38 

+23     3.9 

_ 

8.0 

11 

6268 

—  Serpentarii 

24  38 

-21  23.7 

3.59 

0.05 

21  57 

21  21  2 

_ 

>1 

? 

6275 

S  Octantis 

25  54 

-86  46 

26.41 

0.04 

6  17 

-86  43 

_ 

8.2 

<11.7 

6331 

RU  Scorpii 

35     6 

-43  42 

4.34 

0.04 

31  51 

-43  40 

- 

9.3 

12.7 

(;;;(;s 

X  Sa.irittarii 

41  16 

-27  47.() 

3.77 

0.03 

38  2() 

-27  46.2 

1 

4 

6 

64(14 

Y  Opliiuchi 

47  17 

-   6     7.1 

3.22 

0.02 

44  52 

-   6     6.2 

_ 

6.2 

7.0 

6442 

Z  Herculis 

53  36 

+  15     8.8 

2.71 

0.01 

51  34 

+  15     9.3 

_ 

7.1 

8.0 

6449 

T  Dracouis 

;34  51 

+58  13.6 

0.90 

0.01 

54  11 

+  58  14.0 

_ 

8.2 

11.7 

6472 

W  Sagittarii 

17  58  38 

-29  35.1 

3..S3 

0.00 

55  45 

—  29  34.9 

1 

4.8 

5.8 

6500 

R  Pa  von  is 

18     3  17 

-63  38.1 

5.77 

0.00 

17  58  57 

-63  38.2 

_ 

7.5 

9.8 

6512 

T  Herculis 

5  19 

+  31     0.2 

2.27 

+  0.01 

18    3  37 

+  30  59.9 

1.4 

6.9-  8.5 

9.8-12.7 

6546 

RS  Sagittarii 

10  59 

-34     8.5 

3.98 

0.01 

8     0 

-34     9.1 

_ 

6.4 

7.5 

6573 

Y  Sagittarii 

15  30 

-18  54.3 

3.53 

0.02 

12  51 

-18  55.2 

0 

5.8 

6.6 

6608 

RV  Sagittarii 

21  21 

-33  22.9 

3.95 

0.03 

18  24 

-33  24.2 

- 

8.2 

12.3 

6613 

d  Serpent  is 

22     6 

+  0     8.2 

3.07 

0.03 

19  48 

+  0     6.8 

_ 

5.0 

5.7 

6624 

T  Serpent  is 

23  56 

+  6  14.0 

2.93 

0.03 

21  44 

+   (1  12.5 

2.0 

9.1-10.5 

<13.5 

6636 

U  Sagittarii 

26     0 

-19  11.7 

3.54 

0.04 

23  21 

-19  13.3 

3.7 

7.0 

8.3 

6653 

T  Lyrae 

28  54 

+  36  55.0 

2.1(1 

0.04 

27  19 

+  36  53.1 

_ 

7.2 

7.8 

6682 

X  0]>hiuchi 

33  35 

+   8  44.4 

2.87 

0.05 

31  26 

+   8  42.3 

5 

6.8-  7.0 

9.0 

6726 

T  Aquilae 

40  56 

+  8  38.3 

2.87 

0.06 

38  47 

+  8  35.7 

3.3 

8.8 

10.0 

6733 

R  Scuti 

42     9 

-  5  48.7 

3.21 

0.06 

39  45 

-    5  51.4 

4 

4.7-  5.7 

6.0-  9.0 

6758 

(8  Lyrae 

46  23 

+33  14.8 

2.21 

0.07 

44  44 

+  33  11.8 

1 

3.4 

4.5 

6760 

K  Pavonis 

46  38 

-67  21.5 

ail 

0.07 

41  58 

-67  24.4 

_ 

4.0 

5.5 

6794 

R  Lyrae 

52  17 

+43  48.8 

1.82 

0.08 

50  55 

+  43  45.5 

4 

4.0 

4.7 

6S06 

S  Coronae  Austr. 

54  26 

-37     5.3 

4.(16 

0.08 

51  22 

-37     8.0 

_ 

>9.5 

13 

6.S11 

R  Coronae  Austr. 

55     9 

-37     5.6 

4.(m; 

0.08 

52    8 

-37     8.8 

_ 

9.8-11.5 

13.2 

r.siL' 

T  ("oronae  Austr. 

55  14 

-37     6.4 

4.06 

0.08 

52  12 

-37     9 

_ 

>9.8 

13 

6.S34 

Y  Aquilae 

18  59     4 

-  5  50.0 

3.21 

0.09 

56  40 

-   5  53.7 

6.3* 

6.5 

8.0 

6849 

R  Aquilae 

19     1  33 

+   8     4.8 

2.89 

0.09 

18  59  23 

+   8     0.8 

5.5 

5.9-  7. 1 

10.9-11.5 

6854 

Y  Aquilae 

2  16 

+10  55.0 

2.82 

0.09 

19    0    9 

+  10  51.0 

_ 

5.3 

5.7 

6871 

V  Lyrae 

5     9 

+29  30.0 

2.35 

0.09 

3  24 

+  29  25.8 

_ 

9.1 

<12 

6888 

RAY  Sagittarii 

8     4 

-19     1.8 

3.51 

0.09 

5  26 

-19     6.2 

_ 

9.7 

11.1 

6892 

RX  Sagittarii 

8  42 

-18  58.8 

3.51 

0.09 

6    4 

-19     3.2 

_ 

9.9 

<13.3 

6894 

S  Lyrae 

9     6 

+25 '50 

2.45 

0.10 

7  16 

+  25  45.6 

- 

9.0 

12.0 

6900 

W- Aquilae 

10     0 

-   7  13.2 

3.23 

0.10 

7  34 

—   7  17.6 

7 

7.5 

11.2 

6903 

T  Sagittarii 

10  28 

-17     8.7 

3.47 

0.10 

7  52 

-17  13.2 

6.5 

7.6-  8.1 

<11 

6905 

R  Sagittarii 

10  49 

-19  29.0 

3.52 

0.10 

8  11 

-19  33.5 

3.6 

7.0-  8.0 

12.5 

6921 

S  Sagittarii 

19  13  35 

-19  12.4  . 

+3.51 

+  0.11 

1 
1 

19  10  57 

-10  17.1 

0 

9.1-10.4 

14.5 

I 
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No. 


(iOoO 
()0()2 
(i()71 

(11(»1 

(ii;i2 

til  70 
(U81 
(USD 

(1207 
0220 
(52  ()S 
(527o 
G3.31 

0308 
0404 
0442 
0449 
047'^ 

O.IOO 
6512 
6546 
6573 
6608 

6613 
6624 
6630 
0053 
0082 

0720 
0733 
0758 
0700 
679"4 

6800 
6811  j 
6812 
6834 
0849 

0854 
6871 
6888 
0892 
0894 

0900 
6903 
6905 
6921 


M  —  m 


125: 

>> 


165: 


2.876 
0.22 


3.00 

78 
1.8 

2.97 


4.0 


144 


145 
110: 


Epoch  (Cal.) 


Elements  of  Maximum,  Greenwich  M.T. 
(.Iiillan)  Period  Ineijiuilities 


Remarks 


1889  June     9     241  1  lO;! 
1887  Juno  2;;     2410140 


-.S07E? 

-282  E 
0.15 


(Roberts) 
New  star  of 


1848 


1857  July   11      2.39  9507  +.302.7  E 

1890  Feb.      1     2411412  +.387  E? 

....         Irregular 

Mix.  1881  July  1  7''  14"  45'"  +20''  7'"  42^50  E  +  80'"  .sin  (0°.()225  E+140°.0) 

....         Irregularly  periodic 


1893  May      C>     241  2590  +348  E 


New  star  of  KjOl 


1SS9  Auy 


4     241  1219 


+  ;i,si)  E? 


1870  Aug.  16     240  4291.78    +      7.01185  E 

1882  Sept.    5     240  8094.25    +   17.1207  E 

Mix.  1894  July  28"  11"  S"'.2  +3''  23"  49'".545  E      .-l/yoZ-type.  * 

1894  Dec.    27     2413190         +509  E  (Hartwig) 

1806  Sept.    4     240  2849.45    +     7.5940O  E 


1808  Mar.     9     240.3401.0  +104.85  E   +8  sin  (7°  E  +  59°) 
Mix.  1871  Sept.  5"  16"  0'"  +2"  9"  58"'.6  E     Alf/ol-tyiye 

1880  Sept.  25     241  0175.02  +     5.7732  E 

1889  July  .31     2411215  +316  E  (Pickering) 

8.72  (Yendell) 

1801  May   11     240  0907.0  +.342.3  E 

1870  July     1     240  4245.0  +      0.7446  E 


1880  June    3     241 0001 


+  335  E 


....         Irregular 

71.1  Large  irregularities 

Mix.  1855  Jan.  (J"  15>'.0  +12"  21"  47"'  23^72  E+O.3159.38  E-  f 

1871  Dec.      3     240  4705         +     9.102  E 

1887  Oct.    14     2410559.3      +   40.4  E 


1856  Aug.     5     239  9107 


.■',(1.0 

....         Irregular 
+  350.0  E   -0..32E- 


1894  Aug.     6     241.3047.7      +     4.986  E 
1893  Au"    24     2412700         +377  E'? 


1893  July  15     241  2(m)         +4.30  E  ? 


1893  July     1  241 2040 

1895  July     9  241 3384 

1860  July   18  240  2801 

1800  Sept.  25  240  2870 


+  490  E? 

+  .384  E 

+  208.7  E   +20  sin  (10°  E  +  330°) 

+  230.0  E        Periodic  inequality 


M 


10 
4 


400 
52 

2 


40 

69 

5 


15 


22 


19 


8 

16 
13 


Basis  of  Elements 

m  Dates  inclmled 


98 


375 
53 


29 
13 

81 


3 
24 


1873-80,  89-94 
1846,87-95 


1847, 
1890- 


57-72, 84-95 
95 


1803,71,81-92 
1893-95 

1889-94 


1800- 

1882, 


94 

80-94 


1894-95 


1850-95 
1871,72,95 
1882,  80-94 
1889-95 


1801  -74,  8.3-89 
1800-95 

1854,  8()-95 


1871-73,  83,  91 
1887-94 


1854-59,  09-94 


1893-95 


1893-95 

1893,  94 

1805-95 

1849,  58-74,  84-94 

1803-71,  83-95 


*  Sec.  min.  45"  later.     (Hartwig) 


t — 0*. 0000 121 1  E^.     (Schur)     Secondary  minimum  midway 
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1900.0 

moo         1 

1855.0 

Red-                 Ma.L 

nituilc 

No. 

Star 

R.A.                Uecl. 

Aiiiuuil  \ 

nnation 

1{..\. 

Ded. 

ness 

Max. 

Win. 

h       111       IS 

O             ' 

s 

t 

h      ni      s 

o        / 

6923 

Z  Sagittarii 

19  13  47  i 

-21     g.6 

+  3.56 

+  0.11 

19  11      7 

-21  11.2 

2 

8.5 

<12 

6940 

I'  Lviae 

16  37 

+  37  41.7 

2.10 

0.12 

15    3 

+37  36.6 

- 

8.3 

<11 

6943 

T  Sagittae 

17  14 

+  17  28.1 

2.6.S 

0.11 

15  13 

+  17  23.2 

5.5* 

8.3-  8.7 

9.4-  9.9 

6984 

U  Aquilae 

23  58 

-   7  15.0 

3.23 

0.12 

21  .33    -   7  20.3 

0    ' 

6.4 

7.1 

7045 

11  Cygni 

34     8 

+  49  58.5 

1.61 

0.13 

32  5()     +49  52.5 

6.0 

5.9-  8.0 

<14 

7077 

T  Pavoiiis 

39  31 

-72     0.7 

6.81 

0.14 

34  22 

-72     (i.9 

_ 

7.6 

12.1 

7085 

RT  Cygni 

40  50 

+  48  31.9 

1.70 

0.14 

39  33 

+  48  25.5 

3.8* 

7.0-  7.5 

10.0-11.15 

7101 

11  Viilpei'ulae 

43  28 

+  27     4.2 

2.46 

0.15 

4137 

+26  57.7 

- 

3 

O 

7106 

y  Vulpei-ulae 

44  18 

+  27     2.3 

2.46 

0.15 

42  27 

+  26  55.7 

3.0 

8.4-  8.9 

9.0-10.0 

7118 

X  Aquilae 

46  31 

+   4  12.5  , 

2.98 

0.15 

44  17 

+  4     5.9 

- 

8.4-  8.8 

<12 

7120 

X  Cygni 

4C.  44 

+32  39.7 

2.31 

0.15 

45    0 

+  .32  33.0 

(;.5 

4.0-  6.5 

13.5 

7122 

IS  Pa\onis 

4()  47 

-59  27.2 

5.10 

0.15 

42  57 

-59  33.9 

- 

8.0 

9.6 

7124 

1)  Aquilae 

47  23 

+   0  44.9  , 

3.06 

0.15 

45    5 

+   0  38.2 

•> 

3.5 

4.7 

7139 

RR  Sagittarii 

49  43 

29  27.2 

3.74 

0.15 

46  54 

-29  34.0 

- 

7.5 

<12.5 

7149 

S  Sagittae 

51  29 

+  16  22.2 

2.73 

0.16 

49  25 

+  10  15.4 

0 

5.() 

6.4 

7151 

RU  Saarittarii 

51  50 

-42     6.9  1 

4.14 

0.16 

48  44 

-42  1.3.9 

_ 

8 

<12.6 

7155 

HH  A.iuilae 

52  24 

-  2  11 

3.12 

0.16 

50    6 

-   2  18 

() 

8.4 

<12 

7162 

RS  Aquilae 

53  42 

-  8  10      i 

3.24 

0.16 

51  16 

-  8  17 

— 

10.0 

<12.4 

7192 

Z  C"\gni 

19  58  38 

+  49  45.9 

1.70 

0.17 

19  57  21 

+49  38.4 

9.0* 

7.1-  8.5 

11. .-5-12 

7220 

S  Cygni 

20     3  24 

+  57  41.9 

1.26 

0.17 

20    2  28 

+  57  34.2 

.5.1 

8.8-11.3 

<14.5 

7234 

R  Capvieoriii 

5  42 

-14  33.8 

3.37 

0.17 

3  10 

-14  41.6 

4 

8.8-10.8 

<13 

7240 

RY  Cygni 

(1  37 

+  35  38.8 

2.26 

0.18 

4  55 

+35  31.0 

- 

8.5 

9.5 

7242 

S  A(piilae 

7      1 

+  15  19.4 

2.76 

0.18 

4  57 

+  15  11.5 

0.8 

8.4-10.1 

10.7-11.8 

7245 

R  Telescopii 

7  42 

-47  18 

4.30 

0.18 

4  28 

-47  26 

- 

8.4 

11.6 

7247 

RX  Cygni 

7  46 

+  47  30.9 

1.84 

0.18 

6  24 

+47  23.0 

- 

7.5 

8.3 

7252 

AY  Capricorni 

8  36 

-L'2  16.8 

3.54 

(1.18 

5  57 

-22  24.8 

_ 

10.2-11.0 

<14.7 

7257 

R  Sagittae 

9  30 

+  16  25.4 

2.74 

O.IS 

7  27 

+  16  17.4 

0.8 

8.5-  8.7 

9.8-10.4 

7259 

RS  Cvsjni 

9  45 

+  ;!S  27.8 

2.18 

O.LS 

8    7 

+  .38  17.4 

9.4* 

6-8 

8.3-10 

7260      Z  A.iuilae 

9  51 

-   C,  27.4 

3.20 

0.18 

7  27 

-  6  35.4 

- 

8.S-  9.0 

11? 

7261 

R  Delpliini 

10     5 

+   8  47.1 

2.90' 

0.18 

7  r>5 

+   8  39.1 

4.0 

7.6-  9.0 

11.1-12.8 

7266 

RT  Sagittai-ii 

11     6 

-39  25.2 

4.01 

0.18 

8    5 

-39  33.3 

7.5 

<11.0 

7285 

V  Cygni 

14     6 

+  37  43.3 

2.21 

0.18 

12  27 

+37  35.1 

o 

3.5 

<6 

7299 

U  Cvgni 

16  30 

+  47  34.7 

1.86 

0.19 

15    7 

+  47  26.3 

9.3 

7.0-  8.1 

9.4-ll.(! 

7351 

R\V  Cygni 

25   12 

+  .39  38.8 

2.18 

0.20 

23  34 

+39  29.9 

7.0* 

1 . 1 

10.5 

7399 

W  Delphini 

33     7 

+  17  55.9 

2.73 

0.21 

.31     4 

+  17  16.6 

- 

9.5 

<12 

7404 

R  Mieroscopii 

33  58 

-29     8.6 

3.65 

0.20 

31  13 

-29  17.9 

_ 

8.0 

12.0 

7428 

\'  ("ygni 

38     5 

+47  47.1 

1.93 

0.21 

36  28 

+47  37.5 

8.3 

6.8-  9.0 

13.5 

7431 

S  Delphini 

38  28 

+  16  43.7 

2.76 

0.21 

36  24 

+  16  34.2 

6.0 

8.4-  9.5 

10.4-12.0 

7435 

Y  Aquaiii 

39     9 

-  5  12.0 

3.17 

0.21 

36  46 

-   5  21.6 

- 

8.8 

<13 

7437 

X  Cygni 

39  29 

+  35  13.6 

2.35 

O.L'l 

.■;:  44 

+  .35     4.0 

0 

().4 

7.2-  7.7 

7444 

T  Delphini 

40  43 

+  16     2.1 

2.78 

0.22 

38  38 

+  15  52.5 

I  2.0 

8.2-10.3 

<13 

7446 

U  Delphini 

40  53 

+17  43.7 

2.75 

0.22 

38  50 

+  17  ;!4.0 

1 

(i.4 

7.3 

7448 

W  Aquarii 

41  10 

-  4  26.9 

3.15 

0.22 

38  48 

-   4  3(;.6 

- 

8.0 

9.6? 

7450 

V  Aquaiii 

41  46 

+   2     4.2 

3.04 

0.22 

39  29 

+   1  54.6 

2.5* 

8.1 

'  9:3 

7455 

U  Capricorni 

42  34 

-15     9.1 

3.35 

0.22 

40    4 

-15  IS.S 

- 

10.2-10.8 

<13 

7456 

RR  Cygni 

42  37 

+44  30.2 

2.07 

0.22 

41    3 

+  44  20.4 

0.7* 

8.1-  8.7 

9.3-  9.7 

7458 

Y  Delphini 

43  14 

+  18  58.0 

2.72 

0.22 

1      41  11 

+  18  48.3 

- 

8.9-  9.1 

12  ^ 

7459 

T  Cygni 

43  11 

+  34     0.4 

2.39 

0.22 

41  24 

+33  50.6 

1 

.5.5? 

6  ? 

7468 

T  Aquarii 

20  44  40 

-  5  31.1 

+3.17 

+  0.22 

20  42  17 

1 

-   5  40.9 

1.2 

6.7-  8.7 

12.4-13.0 
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IJo. 

6923 

6940 

6943 

60S  4 

704.-) 

7077 

70,S.-, 

7101 

7io(; 

711.S 

7120 

7122 

7124 

7139 

7149 

71ol 

7ir,o 

7162 

7192 

7220 

7234 

7240 

7242 

724.5 

7247 

7252 

7257 

72o9 

7260 

7261 

7266 

7285 

7299 

7351 

7399 

7404 

7428 

7431 

7435 

7437 

7444 

7446 

7448 

7450 

7455 

7456 

7458 

7459 

7468 

M-m 


r-,0: 
2.18 
150 


8S 


26.5 


171.5 


140: 
3.40 


125: 
150: 


S7: 
16.0 


150: 


229.0 


64 
220 
118 

6.8 


180: 


88 


Elements  of  Maxiiimni,  Greeiiwit'h  J[.T. 
Epoch  (C;il.)  (.Julian)  I'ri'ioil  Inequalities  Keniarks 

1888  Aug.  15     241086.5  +452  E 

1S85  Dec.    31     240  9907  +165  E? 

1S8()  Sept.  20     2410170.15  +     7.0240  E 

18.54  Oct.    IC)     2:;9S.50S.9  +425.7  E 

1889  :\lav     5     2411128  +243  E  (Pickering) 
1887  Aug.  24     2410.508  +191.4  E 

.    .    .    .         New  star  of  1670 

1865  . 1 au.      2     2  10  2L';i'.).0  +   07.5  E        Periodic  inequality 

1893  Aug.  14     L'411'6!»()  +.348  E 

17(;.3.1uHc    3     236  51.36.5  +406.02  E +0.0075  E'^ +25  sin(.5°  E  +  272°j 

1.S48  May   20     2.39  ()W8.6253  +  7.176381  E     (Scliur) 

1891  Sept.  26     2412002  +3.38  E 

1876  Dee.    13     24O6(;02.(;0  +     8.;?S320E 

1895  .July      1     241.3376  +403  E  ? 

1887  Mar.  11  2410342  +265  E 
1865Jiuie29     240  2417  +.322.8  E   +15  sin  (12°  E  +  66°) 

1859  Dec.    12     240  0301  +345  E  ? 

1865  Xov.  12     240  2553  +146.7  E 

....         Irregular  ? 

1872  July  10     240  4985  +207.7  E 

1859  Nov.  12     240  0,361.0  +70.,52E   +5sin(2°.5E+.55°)* 
....         Irregularly  ijeriodic  ? 

1894  Oct.    15     241.3117  +1.30  E?         (Holetschek) 

1865  Aug.  26     240  2475  +285.5  E        Periodic  inequality  ? 

1895  July     5     241.3.380  +.311  E  (Paul) 
....  So-called  new  star  of  1600 

1871  June     7     240  4.58()  +463.5  E   +12  sin  (36°  E  +  . 324°) 

Mix.  1896  Jan.  5''  13''.7  +4<i  19"  21"".2  E       (Pickering)     .1/r/oZ-type 

1895  Xov.  12     2413510.6  +138.8  E         (Paul) 

1881  June  12     240  ,SL'44  +418  E 

1866  Jau.    19     240  2621  +277.5  E 

1886  Oct.    10     241  0190.90  +   l(i.3855  E 

1864  Sept.  16     240  2133  +.331.2  E 
.    .    .    .         Irregidar  ? 

1888  Oct.  14  241  0925  +381  E 
1891  Jau.  27  2411760  +240  E 
1857  Sept.  15     L'39  9573.5  +202.5  E   +20  sin  (5°  E  +  285°) 

1888  May      S     2410761;  +1(15  E? 

1890  Dec.    20     L'411722  +540  E 

1S61  Nov.   16     L'loKM.iC.U  -h20:!.;!     E   +8sin(7'.5E  +  255°) 

»  Secondary  maximum  midway 


Basi 

M 

m 

3 

-     1 

4 

6 

105 

87 

27 

7 

5 

_ 

11 

7 

50 

46  ■ 

4 

- 

88 

9 

3 

4 

81 

79 

3 

~ 

9 

4 

32 

2 

5 

- 

27 

26 

11 

1 

133 

54 

5 

_ 

12 

1 

16 

16 

3 

9 

2 

15 

11 

112 

109 

17 

- 

4 

1 

4 

2 

13 

- 

5 

1 

*} 

- 

22 

5 

is  of  Elements 
Dates  iiichuled 


-     1888-94 

1855,  56,  85-94 
1886-94 
1817,  52-95 

1889-95 

1842,  77,  87-96 

18.36,  .37,  62-93 
1854,  93-95 

1687-1894 


1879,  89-92 
1876-94 


1888-95 

1887-95 
1841,  60-95 

1859-68 

1855-91 


1872-95 
1859-92 

1876,  79,  04,  95 
1851,  59-83,  93,  94 


1871-04 


1889-95 
1857,  81-94 
1803-95 

1886-95 

1855-93 

1888-95 
1801-95 
1852-59,  72-95 

1S.S8-94 
1890-93 

1794,  1865-95 
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1000.0                   1 

1900 

1S55.0 

Red- 

Ma 

inltude 

No. 

Star 

K.A. 

Decl. 

Annual  Variation 

H.A. 

Decl. 

ness 

.Max. 

Min. 

h       1)1       s 

O           1 

8 

. 

h       111       8 

0              1 

7482 

U  Pavonis 

20  47  10 

-63     5.2 

+5.08 

+0.22 

20  43  23 

-63  15.1 

- 

9.6 

<12.3 

7483 

T  Yuliieinilae 

47  13 

+  27  52.5 

2.55 

0.22 

45  19 

+  27  -12.3 

0 

5.5 

6.5 

7488 

Y  Cygni 

48     4 

+  34  17.0 

2.40 

0.22 

46  16 

+  .34     7.0 

0 

7.1 

7.9 

7492 

RZ  Cygm 

48  28 

+  46  58.8 

2.01 

0.22 

46  57 

+46  48.8 

_ 

9.1 

13 

7495 

8  Imli 

48  59 

-54  42.3 

4.47 

0.22 

45  37 

—54  52 

- 

8.4 

<12.4 

7502 

X  IVlpluni 

50  17 

+  17  14.3 

2.77 

0.23 

4S  13 

+  17     4.2 

_ 

8.0 

<10 

7544 

T  Octiuitis 

57  24 

-82  30 

10.33 

0.23 

49  30 

-82  40 

- 

9.0 

<12.5 

7560 

K  Vuli>euiilae 

20  59  56 

+23  25.5 

2.66 

0.24 

57  56 

+  23  14.9 

2.0 

7.5-  8.5 

12..5-13.6 

7571 

V  Cai)i-ic'orui 

21     1  47 

-24  19.3 

3.50 

0.24 

20  59    9 

-24  30.2 

- 

9 

14? 

7577 

X  Capric'onii 

2  50 

-21  45.1 

3.44 

0.24 

21    0  15 

-21   55.8 

- 

9.5-10.5 

<16.2 

7590 

Z  Capru'oriii 

5     3 

-16  35.2 

3.35 

0.24 

2  32 

-16  46.0 

_ 

9.0 

11.5 

7G09 

T  (.Viihfi 

8  13 

+  68     5.0 

0.81 

0.24 

7  33 

+  67  54.4 

6.3 

5.2-  6.8 

8.6-10.7 

7G59 

T  t"ai>iicoriii 

16  30 

-15  35.0 

3.. 32 

0.25 

14    0 

-15  46.4 

2 

8.8-  9.7 

13.5 

7733 

Y  t'aiuu-onii 

28  55 

-14  2.5.1 

.3.28 

0.26 

26  27 

-14  36.9 

- 

10-11 

14? 

7754 

W  Cygni 

32  14 

+44  5.5.6 

+  2.27 

0.27 

30  .34 

+  44  43.7 

4.2* 

5.0-  6.3 

6.1-  6.7 

7779 

S  Cephei 

36  28 

+  78  10.3 

-0.67 

0.27 

36  57 

+  77  5S.2 

9.1 

7.4-  9.2 

11..5-12.3 

7783 

RU  Cygni 

37  19 

+53  52.2 

+  2.00 

0.27 

35  46 

+  53  40.0 

- 

7.5 

9.2 

7787 

Q  Cygni 

37  47 

+  42  2.3.1 

2.36 

0.27 

36    1 

+  42   11.0 

.> 

3 

14.8 

7795 

RV  Cygni 

39     S 

+  37  33.6 

2.48 ' 

0.27 

37  18 

+  37  L'l.L' 

9.0* 

7.1-  7.8 

8.8-  9.3 

7803 

IX  Cephei 

40  27 

+58  19.3 

1.83 

O.L'7 

39    4 

+  58     7.0 

6.2 

4? 

5? 

7813 

R  Gruis 

42     6 

-47  22 

.3.89 

0.28 

39  10 

-47  .34 

_ 

8.4 

<12..-. 

789(i 

V  Pegasi 

5(;     2 

+  5  .38.4 

3.00 

0.28 

53  47 

+   5  25.6 

- 

8.2 

<13 

7907 

U  Aquaiii 

57  52 

-17     6.5 

.3.28 

0.29 

55  24 

-17  19.5 

- 

9.5-10 

14? 

'  7909 

S  Piscis  austrini 

21  58     2 

-28  32.0 

3.44 

0.29 

21  55  27 

-28  44.9 

- 

8.7-  9.2 

<11 

.  7944 

T  Pegasi 

22     4     1 

+  12     .3.0 

2.9.3 

0.29 

22    1  49 

+  11  49.9 

.3 

8.5-  9.3 

<13 

1  7994 

R  Piscis  austrini 

12  19 

-30     6.2 

3.42 

0.30 

9  45 

-30  19.6 

8.5 

<11? 

7999 

X  Aquarii 

13     9 

-21  24.0 

3.31 

0..30 

10  40 

-21  37.4 

- 

8.3 

13 

8039 

T  Gruis 

19  51 

-38     4.5 

3.52 

0.30 

17  13 

-.38  18.0 

- 

S.6 

11.0 

8040 

S  Gruis 

19  55 

-48  56.8 

3.72 

0.30 

17    7 

-49  10.4 

— 

~    •> 

12.3 

8068 

S  Lacertae 

24  38 

+  .39  48.2 

2.62 

0.31 

22  40 

+  ;!9  34.3 

- 

7.6-  8.2 

<12 

8073 

S  Cephei 

25  27 

+  57  54.2 

2.22 

0.31 

23  48 

+  57  40.4 

2 

3.7 

4.9 

8093 

R  Indi 

28  53 

-67  48.3 

4..34 

0.31 

25  36 

-68     2.1 

- 

9-.' 

11? 

8116 

W  Cephei 

32  39 

+  57  54.4 

2.28 

0.31 

30  56 

+  57  40.5 

4..5* 

7.3 

8.3 

8153 

R  Laeertae 

38  50 

+  41  50.9 

2.66 

0.31 

36  50 

+41  36.8 

1.8 

8.3-  9.3 

<1.3.5 

8230 

S  Aquarii 

51  45 

-20  52.6 

3.22 

0.32 

49  20 

-21     7.0 

4.0 

7.7-  9.1 

<12.5 

8273 

/3  Pegasi 

22  58  55 

+  27  32.4 

2.90 

0.32 

56  45 

+  27  17.8 

2 

2.2 

2.7 

8290 

R  Pegasi 

23     1  38' 

+  10     0.2 

.3.01 

0.32 

22  59  22 

+  9  45.7 

4 

6.9-  7.9 

<13 

8324 

Y  Cassiopeae 

7  22 

+  59     8.4 

2.56 

0.33 

23    5  27 

+  58  .53.8 

- 

7.1-  8.0 

12.4 

8369 

\Y  Pegasi 

14  46 

+  25  43.5 

2.95 

0.33 

12  34 

+  25  29.1 

- 

8.1 

10 

8373 

S  Pegasi 

15  29 

+   8  22.3 

3.03 

0.33 

13  13 

+   8     7.6 

1.7 

7.3-  8.0 

12-<13 

8512 

R  Aquarii 

38  39 

-15  50.3 

3.11 

0.35 

36  19 

-16     .5.3 

4.3 

5.8-  8.5 

11? 

8588 

R  Plioenieis 

51  16 

-50  20.6 

3.13 

0.33 

48  55 

—50  35.6 

— 

8.5? 

11? 

8591 

Y  Cephei 

51  44 

+  82  38.1 

2.70 

0.33 

49  44 

+  82  2.3.0 

— 

6.2-  6.4 

6.8^.  7.1 

8594 

R  Tucanae 

52  12 

-65  .56 

3.17 

0.33 

49  48 

-66  11 

_ 

10.2 

<12.6 

8597 

Y  Ceti 

52  47 

-  9  31.1 

3.08 

0.33 

50  29 

-   9  46.1 

- 

8.5-  9.5 

14? 

8598. 

U  I'egasi 

52  .53 

+  15  23.9 

3.06 

0..33 

-50  35 

+  15     8.9 

0 

9.0 

9.7 

8600 

R  Cassiopeae 

53  19 

+50  49.9 

3.02 

0.33 

51    4 

+  50  34.9 

6.5 

4.8-  7.0 

9.7-12 

8604 

S  Phoenicis 

53  54 

— 57     7.7 

3.15 

0.33 

51  33 

-57  22.9 

_ 

7.2 

8.7 

8622 

W  Ceti 

23  57     0 

-15  13.9 

+  3.08 

+0.33 

23  .54  41 

-15  29.0 

- 

8.4 

12.0 
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No. 


7482 
74S;5 

7488 

7492 
7495 

7502 
7544 
7560 
7571 

7577 

7590 
7(509 
7659 
7733 
7754 

7779 

r-  — r>  ■> 
I  I  DO 

7787 
7795 
7803 

7813 
7896 
7907 
7909 
7944 

7994 
7999 
8039 
8040 
8068 

8073 
8093 
8116 
8153 

8230 

8273 
8290 
8324 
8369 
8373 

8512 
8588 
8591 
8594 
8597 

8598 
8600 
8604 
8622 


M—m 


1.40 


62.0 
117: 


200 
149 

ro.o 


11^ 


1* 14^6 


172: 
105 

143: 


220 


31,  4™ 

188 


EliMiiPiits  of  Maxiiiuiin,  (ireenwich  M.T. 

Epocli  (C'al.)           (.luliaii)  I'eiiod             Inequalities                Remarks 

1891  July  10     241  1924  +29o'e  ? 
1885  Nov.     2     240  9848.95    +     4.4360  E 

,,         i  Even  18S(i  Dt-c.  '.H  11''  10'".S  +1''  11"  57"'  27'.6  E  )    ,,.      ,  , 

I  Odd    LSSO     "     9"  9"57"'.0  +1''11"57"'15".2E)    (^'""ei') 

lS(i5  Sept.  18     240  2498.0  +]3(;.'.)()E   +18  sin  (4°  E  + 80°) 

1867  Aug.  18     2403197  +157.1  E   +15  sin  (10° E  +  100°) 

1867  Aug.  17     240  3196  +218.1  E   +20  sin  (10°E  +  50°) 

1895  Nov.  28     241  3526  +392  E  ? 

1873  July  19     240  5;C)9  +387  E 

1X55  Oct.    21     239  8,S78  +269.2  E 

1S,S5  Sept.    5     240  9790  +206  E 

1884  Nov.  25     240  9506  +131.5  E 

1865  June  21     240  2409  +484  E 

1890  May     6     2411484  +396  E 

....         New  star  of  1876 

....          Irregular 

....          Irregularly  periodic 

1892  Oct.      4     2412376  +350  E? 

1875  Aug.     4     240  6105  +2.5S  E  ?  ' 

1890  Sept.    9     241 1620  +272  E           (Holetschek) 
1864  Oct.      6     240  2151  +373  E           Periodic  inequality 

1872  Oct.    19     240  5086  +292  E? 

1895  June  20     2413365  +;ill  E           (Paul) 

1889  Oct.    14     2411290  +400  E           (Pickering) 

1891  July  16     241 1930  +233  E 

1840  Sept.  26''  10''  50'"  +5" 8"  47'"  39l3  E   -0.0008  E--O.0OO  OOO  IS^E'* 

....          Short  period,  or  irregular 

1883  Feb.    15     240  ,SS57  +299.8  E 

1859  Dec.    16     240  0395  +279.7  E        Periodic  inequality 

....         Irregular 

18.50  Dec.    26     239  7118  +380.0  E   +30  sin  (10°  E  +  200°) 

1893  Nov.  28     2412796  +229  E 

1864  Dec.      4     240  2210.5  +317.5  E 

1811  Nov.  30     2.f!8  2847.6  +387.16  E   +35  .sin  (10°  E  + 235°) 

1883  Mar.  16     240  8886  +360  E 

1879  Aug.  28     240  7590  +261  E 

1894  Sept.  22"  19'>  45"'.3  +5"  32'"  15'  E 

1854  July     4     239  8404  +429.5  E   +25  sin  (15°  E  +  0°) 

1896  Feb.    10     241 3600  +350  E          (Paul) 


Basis  of  Elements 
M       m  Dates  included 


4 


30 
12 
11 

3 
15 
15 
() 
26 

12 
5 


10 
3 
14 


3 

5 

289 


9 
16 


20 
5 


23 
6 

8 

15 

28 


222 
91 


11 
1 


10 
2 

23 

5 
1 


4 

278 


1891-95 
1885-95 

1886-93 


1807,  10,  59-95 
1867,  78-94 
1867,  76-95 

1876,  94,  95 
1789,  1873-94 
1850-72,  83-94 
1871,  85,  95 
1885-94 

1789,  1841-93 
1890-94 


1892-94 

1875-93 
1890-95 
1822,  54-83 

1872,  85,  92,  95 


1889-95 
1889-96 

1785-1889 


1856,  83-94 
1798,  1853-95 


1841-55.  66-94 
1857,  93-96 

1864-95 

1811-86,  94 

1882,  83,  90-95 

1879-93 

1894,  95 
1850-95 

1895,  96 
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NOTES   TO  THE 

The  following  uotes,  like  those  appeutled  to  the  Second 
Catalogue,  peitaiu  to  the  facts  with  regard  to  the  discoverj' 
aud  coiilirmation  of  the  variability  of  the  several  etars,  and 
to  other  data  of  a  miscellauuons  useful  natuie. 

In  the  case  of  the  stars  found  at  the  Harvard  College 
Observatory,  the  discoverer  is  Mrs.  Fleming,  except  where 
otherwise  noted.  Prof.  Pickeking  has  stated  that  all  of 
these  have  been  verified  by  him  before  their  announcement. 
This  was  presumably  done  by  means  of  the  same  i)hoto- 
graphs.  I  have  excluded  a  few  of  tliese  stars,  however,  in 
which  the  observed  range  is  apparently  not  sufliciently 
bevoud  the  possible  effect  of  mere  observational  errors. 
Where  there  has  been  independent  outside  coulirmatiou,  the 
facts  are  stated. 

I  trust  to  be  pardoned  in  remarking  that  it  has  been  a 
constant  endeavor,  both  in  this  Catalogue  and  in  the  former 
editions  and  their  Supplements,  to  be  punctiliously  fair  in 
apportioning  credit  in  regard  to  the  various  discoveries  aud 
conlirmutions,  and  to  make  the  necessary  brevity  consistent 
with  strict  historical  accuracy  of  statement.  Any  criticisms 
made  in  this  regard  should  not  be  accepted  as  justified, 
without  an  independent  searching  examination  of  the  facts. 


22.     Disc,  at  H  CO.,  1895. 

62.  Disc,  at  H.C.O.,  1894;  couf.  by  Haktwig  aud 
Markwick.     Period  may  be  See"". 

100.  Disc,  by  Chasdleu,  1881  ;  couf.  by  Sawter. 
Occasionally  rudely  periodic,  60-70'',  at  other  times  irregu- 
lar. 

103.  Disc,  by  Axdekson,  1893 ;  conf.  by  Hartwig. 
Pickering  thinks  period  is  281''. 

107.  Disc,  by  Kruegek,  1870.  Light-curve  flat  at  max., 
with  sometimes  a  sec.  niin.  near  this  phase.  S*"  foil.  10% 
0'.5N. 

110.     Disc,  at  H.C.O.,  1895. 

112.  Disc,  at  Bonn,  1858.  Sometimes  has  sec.  phases 
following  principal  max.  one  or  two  mos.  12^'  pr.  3%  2'  S  ; 
9^  pr.  31'  on  parallel. 

114.  Susp.  by  BoRRELLY,  1872  ;  proved  by  Schonfeld. 
12»  foil.  2',  4'.5  S  ;    12='  pr.  3%  6'  N. 

116.  Tycho's  star.  •  Probable  place  according  to  Arge- 
LANDER.    Possibly  identical  with  a  10". 5  now  visible  0'.8  N. 

146.     Susp.  by  Thome,  1894  ;    proved  by  West. 

161.  Disc,  by  LcTHER,  1855.  Schonfeld's  obsns.  show 
irregular  periods,  2i-5mos. 

209.  Disc,  by  Birt,  1831  ;  conf.  by  Sir  J.  Heuschel  and 
others.  Var.  only  occasionally  evident.  Argelander  found 
period  79'',  uncertain. 

224.  Disc,  by  Hartwig,  1885.  New  star  in  Andromeda 
nebula. 

243.     Disc,  by  Espin,  1887  ;   conf.  by  Chandler. 


CATALOGUE. 

294.  Disc,  by  Espin,  (1888?)  1894;  conf.  by  J.  A. 
Parkhcrst. 

320.  Disc,  by  Ceraski,  1880.  Alfjol-lype.  Light-curve 
unusually  flat  at  min.,  and  uusymmetric ;  decrease  more 
rapid  than  increase.  Oscillations  occupy  one-sixth  of  period, 
or  lO"" ;  nearly  stationary  for  2'' at  minimum.  See  investi- 
gations A.J.  IX,  49  and  XIH,  45.  Elements  of  Second 
Catalogue  retained. 

401.     Susp.  by  Thome,  1892  ;    proved  by  West. 

419.     Disc,  by  Anderson,  1895  ;   conf.  by  Copeland. 

432.  Disc,  at  Bonn,  1861.  Light-curve  variable.  9". 6 
foil.  20',  2' S;    12"  pr.  15',  0'.3  S. 

434.  Disc,  by  Hind,  1851.  11  ".5  foil.  0".5.  0'.7  N  ;  12" 
directly  S. 

466.  Disc,  by  Peters,  1880  ;  couf.  by  H.  M.  Parkiiurst. 
For  stars  of  ident.  see  A.N.  99,  1 14. 

494.     Disc,  by  Gould,  1872  ;   conf.  by  Sawyer. 

513.  Disc,  by  Hind,  1850.  11"  foil.  7%  0'.5  N  ;  9"  pr. 
9%4'N. 

659.     Disc,  by  Espin,  1895  ;    conf.  by  J.  A.  Parkhdrst. 

678.  Disc,  by  Fleming,  1890  ;  conf.  by  Yendell  aud 
Reed. 

691.  Found  on  H.C.O.  photographs,  1887.  Not  since 
seen  there  or  elsewhere. 

715.  Disc,  by  Peters,  1865.  9".5  pr.  10%  6' S  ;  10". 5 
foil.  5%4'.5N. 

782.  Disc,  at  Bonn,  1857.  Light-curve  flat  near  max., 
6"pr.  23%0'.7S. 

793.  Disc,  by  Safarik,  1882  ;  conf.  by  Chandler  and 
Schvfarzscuild.  Either  irregular  or  rudely  periodic,  with 
period  of  several  months. 

806.  Disc,  by  Fabricius,  1596;  recognized  as  periodi- 
cally var.  by  Holwarda,  1638.  Principal  epoch  of  elements 
in  catalogue  corresponds  to  Ep.  227  of  Ai!gelander.  Peri- 
odical terms  given  in  Second  Catalogue  are  here  suppressed. 
Although  they  are  undoubtedly  real,  complication  with  other 
unknown  terms  makes  the  accurate  prediction  of  phases  at 
present  impossible.     9".l  foil.  7'. 7,  10"  N. 

814.  Disc,  by  Krdeger,  1872.  Probably  irregular. 
Safarik  and  Hagen  think  it  is  rudely  periodic,  in  long  period, 
2i  years.     10"  foil.  2%  I'.l  N. 

845.     Disc,  by  Argelandek,  1866.     11"  pr.  12%  5'N. 

869.     Susp.  by  Thome,  1891  ;    proved  by  West. 

893.     Disc,  by  Sawyer,  1885;    conf.  by  Chandler. 

906.  Susp.  by  Espin,  1890;  proved  by  Yendell  and 
Knott.  Occasional  secondary  phases  near  maximum  found 
by  H.  M.  Parkhurst. 

976.  Disc,  by  Adwers,  1870.  Light-curve  very  flat  near 
max. 

980.  Disc,  by  Espin,  1893  ;  conf.  by  Yendell,  also  by 
Hartwig  who  thinks  period  is  358''. 
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1018.  Disc,  at  H.C.O.,  1892;  conf.  by  Roberts.  1 
have  assumed  place  to  be  12' foil.,  aud  11'  soiitb  of  that 
giveu  by  H.C.O.,  A.N.  CXXX,  126. 

1072.  Disc,  by  Schmidt,  1854.  Schmidt's  period  of 
32''. 98  not  conf.  by  Sciionfeld's  obsus. 

l090.  Susp.  by  MoNTANAHi,  1669;  independently  disc, 
by  GooDRiCKE,  1782.  Principal  epoch  of  elements  corres- 
ponds to  Ep.  11210  of  Argelander.  See  investigations, 
A.J.  VII,  165-183  ;  XI,  113-126.  Light-oscillations  occupy 
a  little  over  9'". 

1113.     Disc,  by  Sohaeberle,  1892  ;  conf.  by  Glasenapp. 

1166.     Disc,  at  H.C.O.,  by  Miss  Wells,  1895. 

1222.  Disc,  by  Schonfeld,  1861.  12"  foil.  5%  0'.2  S  ; 
12"  foil.  4%  l';2  S  ;    12"  pr.  12%  0'.5  S. 

1279.  Susp.  by  Birmingham,  1871  ;  independently  an- 
nounced at  H.C.O.,  1891.  Observations,  and  conclusions 
as  to  actual  variability,  by  various  observers,  Wendell, 
Yendell,  Reed,  Hartwig,  for  a  long  time  mutually  contra- 
dictory. 

1357.     Susp.  by  Thome,  1891  ;    proved  by  West. 

1367.  Disc,  by  Gould,  1876  ;  conf.  by  Chandler,  also 
Yendell. 

1386.     Disc,  at  H. CO.,  1895  ;    conf.  by  Paul. 

1411.  Disc,  by  Baxendell,  1848.  Period  certainly  sub- 
ject to  inequalities,  whose  law  it  is  not  yet  possible  to  deter- 
mine. Deviations  from  uniform  elements  sometimes  amount 
to  3''.     The  light-oscillations  occupy  10''- 

1537.  Disc,  by  Hind,  1852  ;  conf.  by  Auwers  and  Cha- 
CORNAC.  Preceding  the  variable  P. 8,  south  0'.4,  is  a  nebula, 
disc,  by  Hind,  1852,  supposed  by  D'Arrest  to  be  itself 
variable  ;  and  later  observations,  by  Lassell,  Struve,  Burn- 
ham  and  Barnard,  seem  to  render  this  probable. 

1574.  Susp.  by  Espin,  1886  ;  conf.  by  Gage,  Chandler 
and  H.  M.  Parkhurst.  The  doubt  about  its  place  has  been 
cleared  up  by  recent  obsns.  of  Coit  and  J.  A.  Parkhukst. 

1577.  Disc,  by  Hind,  1849.  8"  pr.  15%  5'.5  S  ;  10>'  foil. 
3%2'N. 

1582.  Disc,  by  Oddemans,  1855.  Townlet  thinks  pe- 
riod is  one-half  of  tiiat  in  table.  The  small  value  of  M — vi 
seems  to  favor  this  hypothesis,  although  there  are  no  obsns. 
of  max.  to  confirm  it.  1P'.5  foil.  9%  1' S  ;  ll".5foll.  4% 
0'.7S;    12"  pr.  6%1'N. 

1623.     Disc,  by  Espin,  1891  :    conf.  by  Ddn£r. 

1635.  Disc,  by  Ragoonathach\ri,  1867 ;  conf.  by 
Roberts. 

1654.  Disc.  l)y  Gould,  1874  ;  conf.  by  Roberts.  Period 
about  11  mos.,  by  Roberts's  obsus. 

1662.     Disc,  at  H.C.O.,  1890  ;   conf.  by  Roberts. 

1701.     Disc,  at  H.C.O.,  1895. 

1717.  Disc,  by  Auwers,  1871.  12". 5  foil.  11%  1'  S; 
11". 5  foil.  10%  3'.5  N. 

1761.  Disc,  by  Hind,  1848.  11"  foil.  11%  0'.3  N  ;  12"  pr. 
7%  0'.6S. 

1768.     Susp.  by  Fritsch,  1821  ;  conf.  by  Schmidt,  1843  ; 


independently  disc.   l)y  Heis,   1847.     Variations  irregular, 
often  unnoticcable  during  many  months. 

1771.  Disc,  by  Schmidt,  1855.  Hind's  "  crimson  star." 
Accurate  obsns.  of  max.  and  miu.  difficult. 

1800.  Disc,  at  H.C.O.,  1895,  and  independently  by 
Sawyer. 

1803.     Disc,  at  H.C.O.,  1895  ;   conf.  by  Paul. 

1805.     Disc,  by  Boss,  1887;   conf.  by  Yendell. 

1850.     Disc,  at  H.C.O.,  1895. 

1855.  Disc,  at  Bonn,  1862.  Schonfeld  notes,  aud 
Chandler's  obsns.  confirm,  the  unusual  phenomenon  of  a 
"  stand-still"  during  increase  at  about  9",  from  2  to  4  mos. 
before  mas.  9"  pr.  5%  0'.6  S. 

1894.     Disc,  at  H. CO.,  1896. 

1923.  Disc.by  Dun6r,  1881  ;  conf.  by  Chandler.  Period 
irregular  ;  probably  over  400'',  with  secondary  phases. 

1944.  Disc,  by  Webb,  1870;  conf.  by  Schonfeld. 
Marked  irregularities,  and  secondary  phases  in  light-curve. 
10"  about  1'  N  ;  9". 5  pr.  2».5,  0'.4  S. 

1953.  Disc,  by  Anderson,  1892.  A  secondary  max.  oc- 
curred in  Aug.,  1892,  9". 2.  No  apparent  change  in  C  mos. 
preceding  Apr.,  1893,  according  to  H.  M.  Parkhurst. 

1981.     Disc,  by  Espin,  1891  ;  conf.  by  Yendell. 

1986.  Disc,  by  Bond,  1863.  Schmidt's  obsns.  1868-81, 
and  Chandler's  1883-84,  certainly  confirm.  While  this 
is  the  only  star  in  the  nebula  of  Orion  inserted  in  the  Cata- 
logue, there  is  little  doubt  that  several  others  are  variable. 
But  the  subject  is  a  very  intricate  one,  and  requires  especial 
investigation.  Schmidt  also  fouud  evidence  of  var.  in 
B746  and  784  ;  but  my  careful  watch  of  these  in  1883-84,  re- 
sulted in  no  certain  confirmation  of  their  variation.  O.  Stone 
has  carefully  observed  the  region  for  several  years,  anrt  finds 
probable  fluctuation  in  575,  589,  622  and  647.  He  also  con- 
firms Holden's  suspicions  as  to  641.  Stone  also  finds  that 
the  relative  brightness  of  612  aud  618,  and  of  671  .and  676, 
seems  to  be  variable.     But  he  finds  675  invariable. 

2013.  Susp.  by  Espin,  1891  ;  proved  by  Yendell.  Ele- 
ments consistent  with  DM.  obsns.,  but  numeration  of  periods 
not  certain. 

2059.     Susp.  by  Thome,  1892  ;  proved  by  West. 

2080.  Disc,  by  Hartwig  in  consequence  of  an  announce- 
ment by  H.C.O.  (1893)  of  variability  of  a  star  foil.  32% 
6'  south.  Yendell  confirms  Hartwig's  star,  but  the  H.C.O. 
star  has  not  been  seeu.  Notwithstanding  Pickering's  veri- 
fication of  the  south  following  star,  it  does  not  seem  sa'fe  to 
accept  its  variability  also,  without  further  proof. 

2098.  Disc,  by  Sir  J.  Herschel,  1840.  Argelander 
found  period  of  196''.  Schonfeld  thought  periodicity  ques- 
tionable. 

2100.  Disc,  by  Gore,  1885;  generally  confirmed.  Ele- 
ments from  obsns.  since  1885  will  not  satisfy  various 
negative  data,  1797-1857.  This  fact  indicates  existence 
of  an  inequality  in  the  period,  the  mean  value  of  which  is 
probably  about  371''. 
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2141.  Disc.atH.C.0.,1892.  Place  here  adopted  is  S-"  1 2* 
l)iec.,aud4'Nof  thatgiveubv  H.C.O.,  {A.N.  CXXX,  126). 

2170.     Disc,  by  Sawvkr,  1891  ;  conf.  by  Ykndki.i.. 

2213.  Disc,  by  Schmidt,  1865.  Eleiueuts  will  satisfy 
Schmidt's  miu.  of  1844,  which  Schonfeld's  woulfl  not. 

2258.  Susp.by  Esnx.  18S6  ;  proved  by  Chani.i.ku,  1S!)1  ; 
and  Yenuell,  1893.  Haimwic.  lirids  a  seeoiulury  m:i.\iimini 
following  principal  one  by  54''. 

2266.     Disc,  by  Scuoxkeld,  1883  :  conf.   by  Ciianklek. 

2279.  Disc,  by  Gould,  1871.  Elements  in  Catalogue 
are  Yendell's. 

2362.  Disc,  by  Schmidt,  1861.  In  southerly  end  of  the 
nelnila  /i399. 

2375.  Disc,  by  Wixxecke,  1867.  Schonfeld's  ol)sn3. 
partly  confirm,  partly  contradict  Winnecke's  elements,  given 
iu  Second  Catalogue.  Yesdell's  obsus.  also  render  them 
doubtful.  The  star  requires  further  investigation  before  the 
question  can  be  settled. 

2445.     Susp.  by  Esrix,  1887  ;  proved  by  Hartwig. 

2478.  Disc,  by  Krleger,  1870-74  ;  conf.  by  Schonfeld. 
10»  foil.  20%  2'.3  N  ;  10"  pr.  11',  3'.5  N. 

2509.  Disc,  by  Schmidt,  1847.  Elements  of  Second 
Catalogue  retained.    Delinitive  investigation  not  completed. 

2528.  Disc,  by  Hind,  1848.  Light-curve  variable.  Varia- 
tions near  max.  frequently  very  slow.  12",  2'. 5  N;  12". 5 
pr.  4',  I'S;  9"  foil.  25%  3'  N. 

2530.     Disc,  at  H.C.O.,  1896. 

2539.  Disc,  at  Bonn,  1855.  Light-curve  flat  at  max. 
Obsns.  of  Lalakde  and  Bessel  are  harmonious  with  the 
new  elements. 

2683.  Disc,  by  Goild,  1872;  conf.  by  Williams  and 
Kobe\<ts. 

2610.  Disc,  by  Sawter,  1887  ;  conf.  by  Chandler.  Ele- 
ments of  Second  Catalogue  retained,  as  recent  obsus.  give 
no  certain  correction.     Light-oscillations  occupy  5''. 

2625.  Disc,  by  Ba.xendell,  1880;  conf.  by  Knott  and 
Chandler. 

2676.  Disc,  by  Gould,  1873.  Light-curve  has  rudely 
alternating  bright  and  faint  minima. 

2684.  Disc,  by  Hind,  1856.  Liglit-eurve  flat  at  ma.\. 
A  star  9". 5  foil.  19»,  4'  N  ;  9". 3  pr.  25',  3'  N. 

2690.  Susp.  by  Kaptetk,  1889;  proved  by  Hautwig, 
who  suggests  period  of'  415'',  or  one-half  of  the  same. 

2691.  Disc,  by  Schonfeld,  1865.  12>'.7  pr.  1%  0'.3  S; 
12».2  foil.  4",  O'.l  N. 

2735.  Disc,  by  Baxendell,  1879  ;  conf.  by  Schmidt. 
Period  and  light-curve  very  irregular,  with  secondary  max. 
and  min.     Elements  uncertain. 

2742.  Disc,  by  Hind,  1848.  11". 5  foil.  4',  0'.6  S  ;  12"  pr. 
5',  1'.6  N. 

2776.     Disc,  at  H.C.O.,  1895. 

2780.  Disc,  by  Hind,  1848.  A  halt  frequently  occurs 
during  increase,  at  about  9". 5.  12". 5  pr.  1',  2'. 3  S  ;  11"  pr. 
1 2-,  3'N. 


2783.     Disc,  by  Gould,  1873. 

2815.  Disc,  by  Hind,  1855.  Ligiit-v;ui;ition  of  a  iiiiii|ue 
character.  The  star  remains  at  or  near  min.,  about  13", 
most  of  the  time,  suddenly  brightens  to  about  9". 3,  and  di- 
minishes again  in  5-12''  to  min.  Licgular  periods,  from 
2  to  5  mos.,  average  86.3''.  For  (jurpose  of  api)rox.  predic- 
tion the  epoch  of  last  observed  mux.  is  given  as  epoch  of 
catalogue.  For  comparison-stars  and  light-scale  see  Win- 
NECKE,  A.N.  1120. 

2852.  Disc,  by  Williams,  1886  ;  conf.  by  Roberts.  The 
former  thinks  period  is  4^'' ;  the  latter,  about  half  of  this. 

2857.  Disc,  by  Pickering,  1881  ;  conf.  by  Chandler. 
10"  foil.  26%  4'N;   11"  pr.   16%  1'.5  N;  13"  foil.  2%  \'.a  S. 

2946.  Disc,  by  Schwerd,  1829.  10"  foil.  6%  4'.4  S  ;  12" 
pr.  4%  I'.o  8. 

2976.  Disc,  by  Auwers,  1870.  Occasionally  secondary 
phases  near  max.  IP'  foil.  4' on  jjarallel  ;  10". 5  foil.  18% 
0'.3  N. 

3040.     Disc,  by  Roberts,  1892. 

3055.  Disc,  by  Roberts,  1892  ;  conf.  by  Fleming.  Rob- 
erts finds  the  period  to  be  1''. 0826736,  or  one-half  of  tills. 
I  have  adopted  the  latter  as  more  probable. 

3060.  Disc,  by  Chacoknac,  1853.  Light-variation,  occa- 
sionally at  least,  slow  near  max.     11"  pr.  3%  7'  N. 

3087.     Disc,  by  Roberts,  1892. 

3109.  Disc,  by  Hind,  1848.  Schonfeld's  elements  re- 
tained, since  6  min.  by  Yendell  in  1890  give  unimportant 
deviations.     Light-oscillations  occupy  21  i"". 

3128.  Susp.  by  Weiss;  proved  by  Holetschek,  1890. 
This  letter  assigned  because  the  var.  of  the  star  to  which 
the  letter  R  was  assigned  {Uran.  Argent,  p.  297),  has  not 
yet  been  confirmed. 

3 1 70.  Disc,  by  Hind,  1848.  Var.  near  max.  sometimesslow, 
sometimes  rapid.    11"  pr.  1 2" on  parallel ;  12"  foil.  7%  0'.3  N. 

3184.  Disc,  by  Hind,  1851.  10"  foil.  6%  3'N  ;  10"  5  pr. 
4%  2'.5  N. 

3186.  Disc,  by  Hind,  1850.  Elements  give  minimum- 
epoch  only,  as  light-curve  is  too  flat  near  max.  to  determine 
the  latter. 

3264.     Disc,  at  H.C.O.,  1895. 

3355.     Disc,  by  Roberts,  1892. 

3407.  Disc,  by  Paul,  1888  ;  conf.  by  Sawyer.  Elements 
of  Second  Catalogue  retained,  since  recent  obsus.  show  no 
certain  correction.     Light-oscillations  occupy  about  '31^. 

3409.  Disc,  by  Gould,  1871  ;  conf.  by  Roberts.  Rob- 
erts's obsns.  not  entirely  consistent  with  Gould's  period  of 
4''. 25. 

3416.  Disc,  by  Woods,  1894  ;  conf.  by  Roberts.  -Light- 
oscillations  occupy  about  oue-tenlli  of  period,  or  1.")''.2. 
Stationary  at  miniminii  for  6''. 5. 

3417.  Disc,  by  Roberts,  1895. 

3418.  Disc,  by  Gould,  1871  ;  conf.  by  Tebbutt. 
3425.     Disc,  by  Skinner,  1894;  conf.  by  H.  M.  Park- 

HCRST,  and  also  by  Paul,  whose  elements  are  given. 
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3467.  Disc,  at  H.C.O.,  1895.  Tnsei-ted  in  the  ctitalogue 
witii  much  hesitation,  notwitlistandiiig  tliu  confirniation  liy 
liotii  Pickering  and  AVendeli,  ;  since  plates  on  the  same  or 
successive  nigiits  show  discordances  equal  to  one-iialf  tlie 
total  asserted  range  of  variation.  Although  tiiis  is  not  in- 
consistent with  an  extremely  sliort  period,  I  have  marked 
tiie  variability  as  doubtful  in  the  catalogue. 

3477.     Disc,  by  Sciionfeld,  1863.     10". 5  foil.  10%  2'  N. 

3493.  Disc,  by  Kocii,  1782.  The  periodical  inequality 
of  tlie  elements  in  the  Second  Catalogue  certainly  exists. 
Hut  the  observations  of  the  last  few  years  show  that  it  is 
complicated  with  other  unknown  tonus.  Until  the  law  is 
developed  by  future  observations,  it  seems  best  to  use  only 
the  uniform  period  of  the  catalogue  for  prediction  of 
pliases. 

3495.     Disc,  by  Gould,  1871  ;  conf.  by  Roberts. 

3567.  Disc,  by  Becker,  1882;  conf.  by  Ciiandlkr. 
11". 5  foil.  5%  1'.2  N. 

3569.     Disc,  at  H.C.O.,  1895. 

3633.     Disc,  by  Godld,  1872;  conf.  by  Roberts. 

3637.  Disc,  by  Gould,  1871  ;  conf.  by  Roberts.  Light- 
curve  regular. 

3662.     Disc.  atH.C.O.,  1895. 

3712.  Disc,  by  Peters,  1876.  Schunfeld  thought  it 
variable.  Certainly  seen  by  no  one  except  Peters  and  the 
DM.  observers.  The  writer  has  never  been  able  to  see  the 
star,  although  it  was  sought  for  many  times  in  different 
years.  H.  M.  Parkhurst,  who  has  kept  careful  watch  of 
it,  concludes  that  it  is  probably  not  variable.  The  variabil- 
ity is  extremely  doubtful. 

3767.     Disc,  by  Roberts,  1893. 

3796.  Disc,  by  Gould,  1871  ;  conf.  by  Espin  and  Yen- 
dell.     Espin's  period  not  confirmed. 

3825.     Disc,  by  PoGSON,  1853.    Light-curve  very  variable. 

3847.  Disc,  by  BuRCHELL,  1827.  Fluctuations  very  capri- 
cious. 

3881.  Susp.  by  Gould;  proved  by  Chandler,  1888. 
Large  irregularities  in  period.  Elements  of  Second  Cata- 
logue very  untrustworthy. 

3890.  Disc,  by  Peters,  1880  ;  conf.  byH.  M.  Parkhurst. 
A  max.  obsd.  by  Yendell,  1893,  contradicts  Parkhukst's 
elements  given  in  Second  Catalogue.  For  stars  of  identifi- 
cation see  A.N.  99,  114. 

3908.  Disc,  by  Gould,  1877  ;  conf.  by  Upton  and  Rob- 
erts.    The  latter  thinks  period  is  about  18''. 

3922.     Disc,  by  Roberts,  1891. 

3934.  Disc,  by  Winnecke,  1861.  Variations  very  small, 
and,  according  to  some  observers,  doubtful.  Schonfeld 
found,  very  uncertainly,  period  of  160*^,  from  Winnecke's 
obsns.  H  Crateris  pr.  43%  1'.2  N  ;  9"  pr.  5" ;  8". 5  foil.  10% 
2'.5  S. 

3983.  Disc,  at  H.C.O.,  1895,  and  assumed  there  to 
belong  to  tlie  so-called  new  stars.  An  11"  star,  north  110"; 
another  80"  south  preceding. 


3994.  Disc,  by  Chacornac,  1856.  Increase  apparently 
slower  than  decrease  by  Chandler's  obsns.  11  ".5  foil.  6% 
1'.7  S. 

4160.  Disc,  by  Peters,  1862.  Variation  not  confirmed 
by  any  other  observer.  Schonfeld  and  Chandler  have 
never  certainly  seen  the  star;  and  it  is  doubtful  whether 
H.  M.  Parkhukst's  obsns.  refer  to  the  right  object. 

4225.     Disc,  at  H.C.O.,  1895. 

4260.     Disc,  at  H.C.O.,  1895. 

4300.  Disc,  by  Peters,  1871;  conf.  by  Schonfeld  and 
Chandler.  A  period  of  about  340''  is  consistent  with  a 
large  part  of  the  very  defective  data.    11". 5  foil.  2%0'.4  N. 

4315.     Disc,  by  Schonfeld,  1856.     7". 5  pr.  13%  2'.2  N. 

4364.     Disc,  by  Roberts,  1891. 

4377.  Disc,  by  Boguslawski,  1849.  11"  pr.  8%  2'  N  ; 
12"  foil.  1%  2' N;   11". 5  foil.  12%  2' N;   11". 5  pr.  2%  4' N. 

4407.  Disc,  by  Karlinski,  1867.  Increase  rapid.  8"  pr. 
5%  3'. 5  S  ;   10"  pr.  5%  0'.5  N  ;  8"  foil.  18%  1'  S. 

4415.     Disc,  by  Roberts,  1895. 

4429.     Disc,  by  Roberts,  1891. 

4435.  Disc,  at  H.C.O.,  1889.  Its  variability  does  not 
seem  to  be  sufficiently  beyond  doubt. 

4488.     Disc,  at  H.C.O.,  1895. 

4492.  Disc,  by  Henry,  1874;  conf.  by  Chandler.  8" 
foil.  19%  1'  S;   11"  foil.  12%  2'.5  N. 

4511.     Disc,  at  Bonn,  1860. 

4521.  Disc,  by  Harding,  1809.  See  investigation  A.J. 
VIII,  164. 

4536.     Disc,  by  Gould,  1871  ;  conf.  by  Upton. 

4557.     Disc,  by  Pogson,  1853. 

4596.  Disc,  by  Harding,  1831.  Periodic  inefpiality  of 
small  range  indicated.      10"  pr.  9%  1'  N. 

4G11.     Disc,  by  Roberts.  1891. 

4731.     Susp.  by  Espin,  1891  ;    proved  by  Yendell. 

4805.  Disc,  by  Schonfeld,  1866.  Light-curve  very  reg- 
ular. 

4816.  Disc  by  GoLDSCHMiDT,  1857.  Increase  somewhat 
irregular,  decrease  more  uniform.  Star  isolated,  and  iden- 
tification easy. 

4826.  Susp.  by  Montanari,  1672  (1670?);  proved  by 
Maraldi,  1704.  Elements  of  catalogue  are  based  on  obsns. 
since  1784  only,  the  attempt  to  reconcile  Hevel's,  Monta- 
NARi's  and  Maraldi's  max.  having  been  given  over  for  the 
present.  The  principal  epoch  of  catalogue  corresponds  to 
Ep.  170  of  investigation  in  A.N.  103,  225. 

4847.     Disc,  by  Hind,  1852. 

4885.  Disc,  at  H. CO.,  1895,  and  announced  as  a  "  new  " 
star.  Its  variability  is  established  by  Campbell's  and  Hus- 
sey's  observations,  which  also  correct  the  error  in  the  origi- 
nal announcement  as  lo  its  position  relative  to  the  nebula 
N.G.C.  5253.  The  star  follows  P. 4,  north  0'.3.  The  as- 
sumption that  the  object  is  of  a  new  or  tem[)orary  ciiaracter 
appears  to  be  unwarranted  by  the  facts.  It  is  indeed 
contradicted    by    Thome's    testimony,    which    is    explicit. 
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The  hypothesis  depends  on  the  iissuinptiou  tliat  Cord. 
DM.— 3riOo36  is  ideiUiciil  with  the  nebula.  But  both 
uebula  and  star  were  siiniillaneoiisly  seen  on  at  least  one 
occasion  at  Cordoba,  and  on  anotlier  the  question  of  their 
identity  was  especially  examined.  Tlie  Cordobft  observa- 
tions show  tliat  the  so-called  "  new  "  star  was  alwaj-s  found, 
as  9"  or  9^", whenever  looked  for,  on  live  nights  in  three  differ- 
ent years.  The  facts  are  all  consistent  with  variability  of  the 
ordinary  kind,  either  periodic — in  perhaps  374*' — or  irregular. 

4896.  Disc,  by  Makkwick,  1894,  and  aflerwarils  inde- 
pendently, apparently,  at  H.C.O.  Conlirmed  also  by  Rou- 
KRTs.  The  previous  suspicion  of  the  star  by  Kapteyn  loses 
its  weight  from  the  fact  that  it  is  based  on  the  large  discor. 
dance  of  two  plates  taken  on  the  same  evening,  half  an 
hour  apart,  notwithstanding  that  the  star  has  a  well  ascer- 
tained period  of  three  nios. 

4940.     Disc,  by  Sawyeu,  1888  ;   conf.  by  Yendell. 

4948.     Disc,  by  Espin,  1888;    conf.  by  Chandi.eu. 

5037.     Disc,  by  Peters,  1880  ;  conf.  by  H.  M.  Pakkiu'rst. 

5070.  Disc,  by  Palisa,  1880  ;  conf.  by  Chandler.  9"pr. 
12',  2' S;    10"  pr.  7",  2'N. 

5095.     Disc,  by  Goild,  1871  :  conf.  by  Roberts. 

5097.  Disc,  by  Baxesdei.l,  1S60.  Only  one  appearance 
known.  ScmiNKEi.i)  suggested  that  it  may  belong  to  the 
class  of  new  stars. 

5134.     Disc,  at  H.C.O.,  by  Miss  Weli.s,  1896. 

5144.  Disc,  by  II.  M.  Paukhuust,  1894;  conf.  by  Yen- 
dell. Parkuurst's  idea  that  it  is  of  the  Algol-type  not  yet 
verified. 

5156.  Disc,  by  Baxendell,  18.')9  ;  conf.  by  Chandler, 
1888,  and  Yendell,  1893.  A  star  7>'.3,  directly  south  2'. 8, 
tenders  obsn.  difficult. 

5157.  Disc,  at  Bonn,  1860.  Variation  of  period,  as  in- 
dicated by  the  elements,  very  certainly  established. 

5174.     Disc,  at  H.C.O.,  1892  ;    conf.  by  Hartwig. 

5190.  Disc,  by  Hencke,  1858.  Light-curve  somewhat 
irregular. 

5191.  Disc,  at  H.C.O.,  1895. 

5192.  Disc,  by  Roberts,  1894. 

5194.  Disc,  by  Dlneu.  1884  ;  conf.  by  Chandler.  Ob- 
served max.  show  considerable  deviations. 

5237.     Disc,  at  Bonn,  1858. 

5249.     Disc,  by  Schonfeld,  1882;   conf.  by  Chandler. 

5274.     Disc,  by  Schmidt,  1867  ;    conf.  by  Schwab. 

5319.     Disc,  by  Gould,  1873  ;  conf.  by  Roberts. 

5321.     Disc,  at  H.C.O.,  1894. 

5338.  Disc,  by  Baxendell,  1880;  conf.  by  Schwab. 
Light-curve  flat  at  maximum  ;    minimum  sharply  marked. 

5374.  Disc,  by  Schmidt,  1859.  Epoch  of  catalogue-ele- 
ments corresponds  to  Ep.  391  of  Schonfeld.  Schmidt 
found  an  inequality  of  9-yrs.  cycle  in  period.  I  suspect 
that  this  is  not  real,  but  a  subjective  effect,  dependent  on 
hour-angle  at  which  min.  are  obsd.  The  subject  is  reserved 
for  definitive  investigation.     Light-oscillations  occupy  12''. 


5396.     Disc,  at  H.C.O.,  1896. 

5402.  Disc,  by  Gould,  187- ;  conf.  by  Roberts,  who 
also  confirms  Gould's  period. 

5405.  Disc,  by  Skinner,  1895  ;  conf.  V)y  Pall.  Hart- 
wig  suggests  that  period  is  perhaps  225''. 

5430.  Disc,  by  Palisa,  1878  ;  conf.  by  Chandler.  10". 5 
foil.  7' on  parallel  ;    13"  pr.  4%  0'.2  N  ;    13".5  jjr.  1%  I'N. 

5438.  Disc,  by  Bauschinger,  1887  ;  conf .  by  Chandler. 
Period  uncertain. 

5465.     Disc,  by  Gould,  1871  ;   conf.  by  Roberts. 

5484.  Disc,  by  Winnecke,  1869.  Elements  of  Second 
Catalogue  retained,  as  they  represent  obsns.  to  date,  with- 
out appreciable  certain  correction.  See  invesligalion  A.J. 
IX,  97.     Light-oscillations  occupy  nearly  10''. 

5494.  Disc,  by  BoRRELLV,  1872.  13"  pr.  2",  2' N  ;  12".5 
foil.  5'.  2'.5  N. 

5501.  Disc,  by  Harding,  1828.  Increase  more  rapid 
than  decrease.     11"  pr.  8%  0'.5  N  ;    12".7  foil.  2%0'.4  N. 

6504.     Disc,  by  Hencke.  1860. 

5511.     Disc,  at  H.C.O.,  1892;  conf.  by  Chandler. 

5533.     Disc,  at  H.C.O.,  1893  ;   conf.  by  Campbell. 

5566.     Disc,  at  H.C.O.,  1895. 

5583.     Disc,  by  Peters,  1878  ;  conf.  I)y  H.  M.  Pakkiiurst. 

5593.     Disc,  by  Peters,  1878  ;  conf.  by  H.  M.  I'aukhurst. 

5601.     Disc,  at  H.C.O.,  1895;    conf.  by  Chandler. 

5617.     Disc,  by  Peters,  1878;    conf.  by  Chandler. 

5644.  Disc,  by  Peters,  1879.  S.DM.  gives  K.A.  W 
smaller. 

5667.  Disc,  by  PiGOTT,  1795.  Remains  frequently  nearly 
unchanged,  near  max.,  then  diminishes  at  irregular  intervals 
suddenly  to  min.,  and  after  repeated  large  oscillations  re- 
sumes its  normal  unchanging  condition. 

5675.  Disc,  by  Dunkr,  1878;  conf.  by  Schscdt.  Sec- 
ondary phases  near  max.  sometimes  marked. 

5677.  Disc,  by  Harding,  1826.  Star  isolated  and  iden- 
tification easy. 

5682.     Disc,  by  Gould,  1884. 

5688.  Disc,  by  Pogson,  1858.  Recent  obsns.  of  H.  M. 
Parkhdrst  make  elements  of  Second  Catalogue  very  doubt- 
ful.    12"pr.  3%  l'.2S. 

5704.     Disc,  by  Peters,  1885  ;  conf.  by  H.  M.  Pakkiiurst. 

5713.  Disc,  by  Gould,  187- ;  conf.  by  Roberts,  who 
gives  period  as  6''. 3. 

5732.  Disc,  by  Birmingham,  1866.  See  note  to  Schon- 
feld's  Second  Catalogue  for  history  of  its  appearance. 

5750.     Disc,  by  Roberts,  1893. 

5758.     Disc,  ijy  Gore,  1890;    couf.  by  Yendell. 

5701.     Disc,  by  Peters,  1883  ;  conf.  by  H.M.  ParKhurst. 

5768.     Disc.  bvEspiN,  1894  ;    conf.  by  Yendell. 

5770.     Disc,  at  Bonn,  1855.     Identification  easy. 

5776.     Disc,  by  Peters,  1876  ;  conf.  by  H.M.  Parkhurst. 

5795.  Disc,  by  Palisa,  1870  ;  conf.  I)y  Schmidt.  10"  pr. 
8%  I'N;    10"  foil.  10%3'S. 

5823.     Disc,  by  Roberts,  1 89-. 
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5826.  Disc,  by  Auwers,  1860,  iudependeutly  by  Pogson, 
one  week  later.  Position,  0^29  foil.  2".7N  of  the  center  of 
cluster  Messier  80.     Not  since  seen. 

5830.  Disc.  Ijy  CiiACORNAc,  1853.  Light-ciuve  very  vari- 
able ;  marked  secondary  phases.  Increase  from  12"  rapid. 
8"pr.  2-1%2'N;    9"  foil.  10%  3' N. 

5831.  Disc,  by  Chacoknac,  1854.     d"A  foil.  9%  0'.2  N. 
5856.     Disc,  by  Schonfeld,  1881  ;    conf.  by  Cuandler. 

11"  pr.  13'on  parallel;   12"  foil.  13%  4' N  ;   10"  foll.34%  I'N. 

5860.  Disc,  by  Pogson,  1863.  Decreased  from  9"  to  in- 
visibility in  12  days.     Not  seen  by  any  one  else. 

5887.     Disc,  by  DuNtR,  1881  ;    conf.  by  Chandler. 

5889.  Disc,  by  Hencke,  1860.  Elements  will  not  satisfy 
BESSEL'sobsn.,  hence  period  is  probably  variable.  9"  pr.  12% 
3'.3N. 

5903.  Disc,  by  Peters,  1876  ;  conf;  by  Chandler.  Ele- 
ments very  uncertain, 

5912.     Disc,  by  Baxendell,  1857. 

5928.  Disc,  by  Pogson,  1860.  No  m.ax.  observed  for 
twelve  years  past,  hence  elements  very  uncertain  for  predic- 
tion.     10"  foil.  5%  9'  S  ;    10"  pr.  5%  2'.5  S. 

5931.  Disc,  by  Pogson,  1854.  Recent  obsus.  coniirni 
Schonfeld's  elements,  which  are  retained.  Light-curve  va- 
riable.     1  P'.o  pr.  6%  3'  N  ;    12"  pr.  13%  0'.2  N. 

5948.  Disc,  by  Pickering,  1881  ;  conf.  by  Chandler. 
Period  4  to  6  mos.,  very  irregular. 

5949.  Disc,  by  Roberts,  1891.  Light-oscillations  occupy 
about  one-tenth  of  the  period,  or  10''. 3. 

5950.  Disc,  by  Dun^r,  1880;   conf.  by  Chandler. 
5952.     Disc,   by   Chandler,    1882 ;    conf.  by  Yendell. 

The  former,  in  1882-83,  found  period  20'^. 5  ;  the  latter  in 
1889-93,  period  of  20<'.6. 

5955.  Disc,  by  Geeljiuyden,  1876  ;  conf.  by  Hartwig. 
8".5foll.  35%  l'.5S;    11"  foil.  2%3'S. 

6005.     Susp.  by  Espin,  1892  ;  proved  by  Yendell. 

6044.  Disc,  at  Bonn,  1856.  Decrease  unusually  rapid 
immediately  after  max.  9". 7  foil.  9%  1'.4  S;  6"  foil.  11% 
1'.9  N. 

6050.     Disc,  at  H.C.O.,  1890  ;  conf.  by  Campbell. 

6062.     Susp.  by  Thome,  1892  ;  proved  by  Fleming. 

6071.     Disc,  by  Roberts,  1894. 

6083.  Disc,  by  Hind,  1848.  At  present  visible  as  12". 5, 
without  change  since  1867. 

6101.     Disc,  at  H.C.O.,  1893. 

6132.  Disc,  by  Pogson,  1853.  10". 5  foil.  6%  4'  8  ;  10". 5 
pr.  2%  6'  S.  A  small  nebula,  not  in  Herschel's  G.C.  or 
Dreter's  N.G.C,  foil.  36%  2'  S. 

6170.     Disc,  at  H.C.O.,  1895. 

6181.  Disc,  by  W.  Herschel,  1795.  Very  irregular 
oscillations  in  periods  of  2  to  4  mos. 

6189.  Disc,  by  Gould,  1871  ;  conf.  in  1881  by  Sawtek, 
who  also  first  recognized  its  character  as  of  the  AIgol-iyi)e. 
See  investigations  A.J.  VII,  129-140,  and  XIII,  46.  Light- 
oscillations  occupy  5''. 


6202.  Disc,  by  Schmidt,  1869  (  ?).  Schmidt  gave  period 
about  37-40  days.  Very"  rapid  secondary  oscillations  near 
min.  remarked  by  Schjiidt,  and  confirmed  by  Schwab. 

6207.     Disc,  at  11. CO.,  1893  ;  conf.  by  Chandler. 

6225.  Disc,  by  Anderson,  1895  ;  conf.  by  Becker  and 
Halm. 

6268.  Disc,  by  Brunowski  and  Fabricius,  1604.  See 
note  to  Schonfeld's  Second  Catalogue. 

6275.  Disc,  at  H.C.O.,  1892.  Place  adopted  is  4"^  6» 
pr.,  and   1'  S  of  that  given  by  H.C.O.,  A.N.  CXXX,  126. 

6331.     Disc,  at  H.C.O.,  1895. 

6368.  Disc,  by  Schmidt,  1866.  Elements  of  Second 
Catalogue  retained,  although  correction  at  present  amounts 
to  about—  l^O. 

6404.     Disc,  by  Sawyer,  1888  ;  conf.  by  Chandler. 

6442.  Variability  discovered  by  JMuller  and  Kempf 
from  discordances  in  their  photometric  observations,  1891, 
and  previously.  Chandler  found  it  (beginning  of  August, 
1894)  to  be  of  Algol-type,  with  period  of  3"  23"'  50™. 0. 
This  was  confirmed  (middle  of  August)  by  Yendell  and 
Sawyer.  Hartwig  (September)  independently  made  the 
same  discovery,  and  also  found  that  a  secondary  minimum 
occurred  about  three  hours  earlier  than  the  midway  point 
between  the  principal  minima, — a  fact  independently  dis- 
covered by  DuNi:R  a  few  days  later. 

6449.  Susp.  by  Espin,  1894  ;  proved  by  J.  A.  Park- 
hdrst,  who  also  rectified  the  error  of  position  in  original 
announcement. 

6472.  Disc,  by  Schmidt,  1866.  Elements  of  Second 
Catalogue  retained. 

6500.  Disc,  at  H.C.O.,  1893;  conf.  by  Gould's  previous 
zone-observations. 

6512.     Disc,  at  Bonn,  1857.     10"  pr.  3%  0'.9  N. 

6546.     Disc,  by  GoulD;  1874  ;  conf.  by  Roberts. 

6573.  Disc,  by  Sawyer,  1886  ;  conf.  by  Chandler.  Ele- 
ments of  Second  Catalogue  retained. 

6608.     Susp.  by  Thome,  1892  ;  proved  at  H.C.O. 

6613.  Susp.  by  Muller  and  Kempf,  1891  ;  proved  by 
Yendell,  who  finds  period  as  given  iu  the  catalogue. 

6624.     Disc,  by  Baxendell,  1860.    11". 5  foil.  3%0'.l  N. 

6636.  Disc,  by  Schmidt,  1866.  Elements  of  Second 
Catalogue  retained. 

6653.  Susp.  by  Birmingham  ;  proved  by  Safakik,  1886  ;. 
further  confirmed  by  Yendell,  and  by  discordant  photo- 
graphs of  Espin  and  Wolf. 

6682.     Disc,  by  Espin,  1886  ;    conf.  by  Chandler. 

6726.  Disc,  by  Winnecke,  1860.  Irregularly  variable 
in  period  of  3  to  5  mos. 

6733.  Disc,  by  Pigott,  1795.  Argelander  found  bright 
and  faint  minima,  usually  alternating,  and  this  has  been 
confirmed  by  all  subsequent  observers. 

6758.  Disc,  by  Goodricke,  1784.  Light-curve  double. 
Secondary  min.  about  midway. 

6760.     Disc,  by  Thome,  1872  ;    conf.  by  Upton. 
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6794.  Disc,  by  Baxendell,  1806.  Pannekoek's  iue- 
qualityof  period  bardly  seems  sustained  by  the  observations. 

6806.  Disc.  by. Schmiut.  1866.  The  period  of  6'',  found 
frO!n  his  earlier  obsns.,  not  couf.  by  tlie  later  ones. 

6811.  Disc,  by  Schmidt,  1866.  Period  given  in  Cata- 
logue is  Schmidt's. 

6812.  Disc,  by  Schmidt.  1876. 

6834.  Recognized  by  various  observers,  Knott,  1871  ; 
Schmidt,  1872;    Safarik,  1884;    Sawtek,  1892. 

6849.  Disc,  at  Bonn,  1856.  Secondary  fluctuations  near 
max.  Light-curve  very  variable.  9>'.6  pr.  12%  0'.3  S  ;  10". 6 
pr.  4',0'.5N. 

6854.  Susp.  by  Goli.d,  verilied  by  Chandler,  1894; 
also  by  Yendei.l. 

6871.     Disc,  by  Anderson,  1895;    conf.  by  Yendell. 
6888.     Disc,  at  H.C.O.,  1896. 
6892.     Disc,  at  H.C.O.,  1896. 

6894.     Disc,  by  Esimn,  1893  ;  couf.  by  II.  M.  Parkuurst. 
6900.     Disc,  by  De  Ball,  1893  ;  conf.  by  Schwab.    Hol- 
etsciiek  suggests  the  period  given. 

6903.     Disc,  by  Pogson,  1863.     11". 5  foil.  10%  O'.o  N. 
6905.     Disc,  by  PoGSON,  1858  ;    11 "  pr.  1%  0'.4  S  ;    10>'.8 
pr.  4'.  I'N. 

6921.     Disc,  by  Pogson,  1860.     11"  foil.  24',  2'.5  S. 
6923.     Disc,  by  Peters,  1888  ;    conf.  by  Pickering. 
6940.     Espin's    first   sus|)icioii  was  verified  by  his  later 
obsns,  1894,  and  .also  by  Yendei.l. 

6943.  Disc,  by  Esi'in,  1886;  couf.  by  Yendell  and 
Chandler. 

6984.     Disc,  by  Sawyer,  1886  ;    conf.  bj'  Chandler. 
7045.     Disc,  by  Pogson,   1852.     6  Cygni  pr.  22',  0'. 7  ^  ; 
9"  foil.  2',  l'.5N. 

7077.     Disc,  at  II. CO.,  1896. 
7085.     Disc,  by  Pickering,  1890  ;  conf.  by  Porro. 
7101.     Disc,  by  Anthelm,  1670.  See  note  to  Scuonkeld's 
Second  Catalogue. 

7106.     Susp.  by  Hind.  1861  ;  proved  by  Baxendell,  1862. 
7118.     Disc,  at  II. CO.,  1894  ;    conf.  by  Yendell. 
7120.     Disc,  by  Kirch,  1686.     See  investigation  in  A.J. 
X,  103.     An  ll".5pr.  10',  1'.9  S;   1 1".5  foil.  3%  1' S  ;   11". 5 
foil.  6",  O'.l  N. 

7122.     Disc,  at  H.C.O.,  1894. 
7124.     Disc,  by  Pigott,  1784. 
7139.     Susp.  by  Thome,  1891  ;    conf.  at  H.C.O. 
7149.     Disc,  by  Gore,  1885  ;    conf.  by  Chandler. 
7151.     Disc,  at  H.C.O. ,  1891  ;    conf.  by  Campuell. 
7155.     Disc,  by  Espin,  1895  ;  conf.  at  H.C.O. 
7162.     Disc,  at  H.C.O.,  1895. 

7192.     Disc,  by  Espin,  1887;    conf.  by  Baxendell,  Jr. 
7220.     Disc,  at  Bono,  1860.    Secondary  phases  near  max. 
8". 9  foil.  V,  0'.8  N. 

7234.     Disc;    by  Hind,  1848.      13"  dist.  20",  pos. -angle 
355°. 

7240.     Disc,  by  Espin  ;   conf.  by  Yendell. 


7242.  Disc,  by  Baxendell,  1863.  Extraordinary  and 
unexplained  irregularities  in  period.     9"  foil.  1%  I'.b  S. 

7245.     Disc,  at  H.C.O.,  1895. 

7247.     Disc,  by  Deiciiml;ller,  1893;  conf.  by  Yendell. 

7252.  Disc,  by  Peters,  1872  ;  conf.  by  H.  M.  Parkhurst 
and  Chandler.    For  stars  of  identification  see  .^1.  A'.  109,  120. 

7257.  Disc,  by  Baxendell,  1859.  Double  liglit-curve, 
lilve  p  Lyrae.  .Second  max.  and  second  niin.  follow  principal 
ones  about  35'',  respectively.  Reversals  of  light-curve  oc- 
curred in  1874  and  1883,  so  that  between  these  dates  the 
secondary  minima  were  fainter  than  the  i)rincii)al  minima. 

7259.  Disc,  by  Espin,  1887  ;  conf.  by  Chandler.  Duner 
thinks  period  may  be  380'' ;  Parkuurst,  120'' ;  but  it  is  doubt- 
ful whether  the  star  is  regularly  periodic.  Place  from 
Bessel.     dm.  decl.  is  2'. 4  smaller. 

7260.  Disc,  by  DeBall,  1894;    conf.  by  Holetschek. 

7261.  Found  by  Hencke,  1851,  and  suspected  to  be  an 
asteroid,  until  Schonfeld,  1859,  proved  variability.  12"  pr. 
2S1'S. 

7266.  Paul  finds  the  star  in  the  ()lace  given  in  the  Cata- 
logue to  be  variable,  and  Camphell's  observations  are  also 
accordant  in  establishing  its  variability.  In  1890  the  H.C.O. 
announced  a  variable  in  this  region,  but  about  20'  distant, 
or  prec.  1"' 42%  and  4' south.  Although  this  original  an- 
nouncement was  repeated  in  different  publications,  and  can- 
not therefore  be  a  ty|)ographical  error,  Paul's  explanation 
of  the  source  of  the  confusion  is  so  probable,  that  we  are 
not  warranted  in  assuming  that  there  are  two  variables  in 
this  locality.  The  star  given  as  7255  in  the  Revised  .Sup- 
plement, A.J.  347,  is  therefore  to  be  struck  out,  and  Paul's 
and  Campbell's  star,  as  given  in  this  catalogue,  substituted. 
7285.     Disc,  by  Janson,  1600. 

7299.     Disc,  by  Knott,  1871.     Knott  thinks  brightness 
at  minimum  is  systematically  variable.     8". 5  foil.  5%  0'.7  N. 
7351.     Disc,  by  Espin,  1885  ;    conf.  by  Yendell. 
7399.     Disc,  at  H.C.O.,  by  Miss  Wells,  1895  ;    couf.  by 
Arthur  Seaui.e,  as  of  the  Algol-type. 

7404.     Disc,  at  H.C.O.,  1894  ;  conf.  by  Paul,  whose  ele- 
ments are  adopted  in  catalogue,  since  those  of  Hartwig  ( 1 889 
Sept.   13  +281E)  do  not  accord  with  Paul's  observations. 
7428.     Disc,   by  Birmingha.m,  1881  ;    conf.  by  Schmidt. 
Second  max.  follows  prineiiial  one  about  two  mos. 

7431.     Disc,  by  Baxendell,  1860.     8".3  pr.  1%  0'.9  N. 
7435.     Disc,    by  Becker,   1895 ;    conf.  by  Kobold    and 
Hartwig. 

7437.  Disc,  by  Chandler,  1886;  conf.  by  Yendell. 
The  former  finds  brightness  at  miu.  variable  ;  the  latter 
confirms  tlws  fact,  and  finds  that  the  phenomenon  is  periodic 
in  a  cycle  of  21  periods;  but  considers  this  last  to  be  a 
subjective  effect  of  varying  parallactic  angle  under  which  the 
obsns.  are  made  at  different  times  of  the  year. 

7444.  Disc,  by  Baxendell,  1863.  Possibly  a  secondary 
max.  near  principal  one.  Decrease  unusually  rapid.  11" 
pr.3%  2'.7  N;    10".  1  foil.  12%  O'.l  N. 
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7446.  Siisp.  by  D'Arrest,  1874;  conf.  hy  Espin,  Goue 
and  Chandler. 

7448.     Disc,  at  H.C.O.,  1891  ;  conf.  by  Hartwig. 
7450.     Disc,  by  De  Ball,  1891  ;  conf.  by  Yendell. 

7455.  Disc,  by  Pogson,  1858.  8". 5  foil.  20",  7' S  ;  10" 
pr.  15%  6'  S. 

7456.  Disc,  by  Esi-iN,  1888;  conf.  by  Chandler,  1888, 
Yendell,  1890. 

7458.  Disc,  at  H.C.O.,  1891  ;  conf.  by  Hartwio,  Yen- 
dell and  H.  M.  Pakkhukst. 

7459.  Disc,  by  Schmidt,  1864.  Period  abont  one  year, 
by  Schmidt's  obsns.  Liglit-variations  exceedingly  small, 
and  for  the  most  part  unnoticeable.  Variability  not  suffi- 
ciently confirmed  to  be  regarded  as  certain. 

7468.     Disc,  by  Goldschmidt,  1861. 

7482.  Disc,  at  H. CO.,  1896.     ' 

7483.  Disc,  by  Sawyer,  1885;  conf.  by  Chandler. 
Elements  of  Second  Catalogue  retained. 

7488.  Disc,  by  Chandler, 1886  ;conf.bySAWVEK.  Algol- 
type.  The  extraordinary  anomalies  signalized  in  ^1.-7.  VIII, 
130  and  IX,  92  are  explained  by  Dun^r  A.J.  XII,  1,  whose 
elements  are  adopted  in  the  Catalogue.  Duner  gives  also 
tlie  additional  term  ±  2%2(E-792),  where  upper  sign  is  for 
even  epochs,  lower  for  odd.  Chandler  fonnd  brightness  at 
min.  to  be  variable,  and  Yendell's  obsns.  confirm.  Light- 
oscillations  occupy  about  8''. 

7492.     Disc,  by  Esi-in,  1893  ;  conf.  by  Haktwig. 

7495.     Disc,  at  H.C.O.,  1895. 

7502.     Disc,  by  Anderson,  1895  ;  conf.  by  Ykndell. 

7544.     Disc,  at  H.C.O.,  1895. 

7560.     Disc,  at  Bonn,  1858.     9". 5  foil.  6\  0'.3  N. 

7571 .  Disc,  by  Peters,  1867  ;  conf.  by  H.  M.  PahivHurst. 
For  stars  of  identification  see  A.N.  I(i9  ;  121. 

7577.  Disc,  by  Peters,  1872  ;  conf.  byH.  M.  Parkhurst. 
For  stars  of  identification  see  A.N.  109  ;   122. 

7590.  Disc,  by  Skinner,  1895  ;  conf.  by  Pail.  Bor- 
RELLY  had  previously  suspected,  from  comparison  of  Chacor- 
nac's  chart  with  heavens. 

7609.     Disc,  by  Ceraski,  1878  ;  conf.  by  Knott. 

7659.     Disc,  by  Hind,  1854.     9"  pr.  5%  3'. 9  N. 

7733.  Disc,  by  Peters,  1884  ;  conf.  by  H.  M.  Parkhurst. 
Period  may  perhaps  be  412'',  or  double  that  of  the  Catalogue. 

7754.     Disc,  by  Gore,  1885  ;  conf.  by  Sawyer. 

7779.     Disc,  by  Hencke,  1858.     Light-curve  flat  at  mas. 

7783.     Susp.  by  Espin,  1890  ;  proved  by  YENDELLand  Reed. 

7787.     Disc,  by  Schmidt,  1876. 

7795.  Disc,  by  Safarik,  1885,  and  independently  by 
Yendell,  1892  ;  conf.  by  Sawyer  and  H.  M.  Parkhurst. 
Hartwig,  in  1895,  mentions  that  he  suspected  var.  in  1881. 


7803.  Susp.  by  Hind,  1848 ;  conf.  by  Argelander. 
Argelandkr's  period  of  432''  not  borne  out  by  Schmidt's 
and  other  oljsns. 

7813.     Disc,  at  H.C.O.,  1895. 

7896.     Disc,  at  H.C.O.,  1895. 

7907.     Disc,  by  Peters,  1881  ;  conf.  by  II.  M.  Parkhurst. 

7909.     Susp.  by  Weiss;  proved  by  Holetschek,  1890. 

7944.  Disc,  by  Hind,  18G3.  11"  [ir.  13%  I'.o  N.  R.A. 
of  DM.  is  f>'  too  small. 

7'.)94.  Disc,  by  Gould,  1884  ;  conf.  by  Thome  and  H.  M. 
Parkhurst. 

7999.     Disc,  at  H.C.O.,  1895  ;  conf.  by  Hartwig. 

8039.  Disc,  at  H.C.O.,  1896. 

8040.  Disc,  at  H.C.O.,  1896. 

8068.     Disc,  by  Fleming,  1891  ;  conf.  by  Reed,  1898. 
8073.     Disc,  by  Goodricke,  1784.     The  variation  of  the 
period  indicated  by  llie  elements  is  certain. 
8093.     Disc,  by  Gould,  1884. 

8116.  Disc,  by  Espin,  1885;  conf.  by  Yendell  and 
J.  A.  Parkhurst. 

8153.  Disc.  l)y  Deichmliller,  1883  ;  conf.  by  Chandler. 
Increase  from  13"  to  10"  very  rapid.  9". 3  foil.  20%  2'.8  N  ; 
11"  foil.  7%  2'. 8  N  ;   11"  pr.  13%  2'.5  N. 

8230.  Disc,  by  Argelander,  1853.  Decrease  from  10" 
rapid.     7". 5  foil.  31%  4'  N  ;   10"  foil.  9%  3'  S. 

8273.  Disc,  by  Schmidt,  1847.  Argelander  found  pe- 
riod 41'';  ScHoNFELD  tliinlvs  irregular  oscillations,  in  period 
of  30-50'',  more  probable. 

8290.  Disc,  by  Hind,  1848.  1 1"  foil.  10%  0'.2  N  ;  10".5 
pr.  9%  3'  N. 

8324.     Disc,  by  Anderson,  1893  ;  conf.  by  Hartwig. 

8369.     Disc,  by  Anderson,  1895  ;  conf.  by  Hartwig. 

8373.  Disc,  by  IMarth,  1864  (?).  No  faint  stars  near, 
and  identification  easy.     Increase  from  11"  rather  slow. 

8512.  Disc,  by  Harding,  1811.  LK'ntification  easy.  In- 
crease from  10"  quite  raffid. 

8588.     Disc,  by  Gould,  1884. 

8591.  Disc,  by  Chandler,  1882;  conf.  by  Yendell  and 
Sawyer. 

8594.     Disc,  at  H.C.O.,  1892. 

8597.  Disc,  by  Peteus,  1879  ;  couf.  by  H.  BI.  Parkhurst. 
For  stars  of  identification,  see  A.N.  109,  123. 

8598.  Disc,  by  Chandler,  1894  ;  conf.  by  Yendell. 
8600.  Disc,  by  Pogson,  1853.  10"  pr.  0%5,  0'.6  N. 
8604.     Disc,  at  H.C.O.,  1895. 

8622.     Disc,  bv  Skinner,  1894  ;  conf.  bv  Paul. 
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At  the  end  of  the  Sei-oiul  Catalogue  was  given  a  list  of 
stars  whose  variability  had  been  asserted  or  susi)ected  on 
more  or  less  plausible  grounds,  but  which  required  further 
verification.  Similar  shorter  lists  were  given  in  the  Sujiple- 
iiients. 

.Many  of  these  stars  have  since  been  confirmed  and  re- 
moved to  the  list  of  known  variables  in  the  present  Cata- 
logue. ]Many  others  have  been  sufficiently  observed  to 
establish  their  probable  constancy,  and  justify  their  being 
dropped  from  further  notice.  The  remainder  have  either 
not  been  observed  at  all,  so  far  as  I  know,  or  are  still  un- 
settled ;  observers  being  still  at  variance  with  regard  to  the 
reality  of  their  fluctuation.  These  last  I  have  therefore 
repeated  in  the  following  list,  whicii  consists  for  the  most 


part,  however,  of  stars  not  formerly  included.  The  selec- 
tion of  the  stars  to  be  addcil  could  not  \cvy  well  be  gov- 
erned by  any  well  defined  principle,  'i'lic  list  makes  no 
l)retension  to  completeness,  and  may  be  regarded  as  a 
heterogeneous  collection,  useful  as  a  working  list  of  ob- 
jects needing  examination. 

The  last  column  contains  a  reference  to  some  source 
where  more  particular  infornuitiou  may  be  found.  In  the 
case  of  the  Astron.  Journal  and  Astr.  Nachrk-hten  the  num- 
ber of  the  periodical  alone  is  given,  for  the  latter  authority 
in  Italic  numerals.  For  many  of  these  stars  several  refer- 
ences will  be  found  in  the  periodical  publications  of  the 
last  few  years,  but  the  limitations  of  space  forbid  my  (puit- 
ing  here  more  than  one. 


No. 

is; 
R.A. 

)5.0 

Decl. 

Observed 
Range 

Reference 

No. 

1855.0 
R.A.        1        Decl. 

Observed 
Range 

Reference 

(1^9) 
(ISo) 

h        111       8 

0  22  31 

-15°  39.9 

M               U 

4.9-  5.9 

Ur.  Arg. 

(1993) 

ll         111        s 

5  27  22 

+  68 

36.1 

M 

9    - 

10 

328 

28  47 

—5o  37.5 

5.7-  6.5 

Ur.  Arg. 

(2130) 

5  52  48 

-   3 

5.0 

5.1- 

5.9 

Ur.  Arg. 

(2C8) 

42  31 

-35  42.6 

9.1-10.5.' 

37r 

(2235) 

6  10  14 

-   1 

31.3 

8    - 

9.3 

1 

(271) 

42  45 

+  62     7.9 

8.7-  9.4 

32m 

(2267) 

15     5 

+  25 

5.0 

8.9- 

9.7 

3352 

(.■ioo) 

0  56  23 

+  61  35.4 

8.7-  9.5 

32S6 

(2282) 

17  41 

+  19 

10 

8.8- 

9.5 

3352 

(.571) 

1  33     0 

-   7  21.6 

8.4-  9.2 

3(10 

(2;;.35) 

6  26  39 

+  15 

2G.(i 

■  7.J 

7.6 

1    (660) 

48  53 

-68  39.5 

6.6-  7.5 

Ur.  Arg. 

(2(509) 

7  12     7 

+  25 

15.4 

8.0- 

9.2 

3352 

(705) 

1  56  13 

-63  28.0 

>7    -  7.7 

Ur.  Arg. 

{2725') 

32  23 

-31 

48.3 

6.7- 

7.5 

Vi:  Arg. 

1    (780) 

2     6  53 

+57  51.2 

8.7-10.5? 

(2740) 

28  54 

+  80 

51.8 

7.7— 

8.7 

55.52 

;   (857) 

20  35 

-   0  26.3 

8-9 

34(; 

(2741) 

35  15 

-31 

19.6 

6.5- 

7.5 

3(  M 1 

(969) 

38  10 

+  57  47.8 

8.0-  9.2 

52,96- 

(2757) 

37  41 

-28 

4.1 

4.8- 

5.6 

Cr.  .\rg. 

■  (1017) 

46  26 

+  54     3.3 

8.9-  9.6 

3-280 

(27SS) 

7  43  11 

-40 

17.5 

6.5- 

7.2 

Ur.  Arg. 

'  (1078) 

2  56  11 

+59  55.4 

8.6-  9.5 

3232 

(2903) 

8     1   16 

+  19 

50.0 

9.7- 

? 

.■^00 

1  (11'85) 

3  30  48 

+51     1.8 

7.5-  8.9 

3352 

(2928) 

6  32 

-42 

.33.4 

5.1- 

.■).8 

Ur.  Arg. 

:  (1344) 

1 

3  41     9 

+  35  16.7 

9    -12? 

300 

(2931) 

5  24 

+  44 

27 

8.7- 

9.5 

3332 

;  (1617) 

4  27  49 

-30     3.8 

4.3-  5.0 

Ur.  Arg. 

(31)31) 

23  22 

-26 

51.1 

6.9- 

1 . 1 

Ur.  Arg. 

(16.S6) 

32     3 

-63     7.4 

5.8-  6.4 

(3172) 

46  58 

-36 

0.0 

^",.5- 

7.5 

Ur.  Arg. 

(1637) 

29  29 

+  41  17 

9.2- 

3286 

(3179) 

47  13 

+  17 

46.9 

6.8- 

7.9 

.340 

(1709) 

42  20 

+  15  31.7 

8.0-  9.4 

2823 

(3197) 

8  50  23 

+  11 

23.4 

8.5- 

9.3 

300 

(1745) 

48  48 

-16  39.3 

5.4-  6.0 

300 

(.•;2(;2) 

9     1  41 

-25 

l{i.5 

4.3- 

.5.1 

Ur.  Arg. 

(1772) 

53  11 

-12  45.1 

4.7-  5.7 

3(»(l 

(.•!(;]  4) 

10     0  42 

-51 

29.0 

6.5- 

7.5 

300 

(1774) 

52  U 

+  50  25.0 

7.6-  8.9 

3352 

(3682) 

12  15 

-60 

36.5 

3.3- 

4.5 

Ur.  Arg. 

(1801) 

55  21 

+68  28.2 

7.8-  9.3 

300 

(3734) 

21  31 

-'73 

17.7 

4.2- 

5.1 

Ur.  Arg. 

(1804) 

4  58  15 

+  3  50.3 

9.5-12 

367 

(3795) 

10  30  55 

-58 

48.7 

5.4- 

6.3 

Ur.  Arg. 

(1945) 

5  21  48 

-  4  49.1 

10.9-13< 

3(  K 1 

(4033) 

11     9  59 

-34 

8.2 

7.0- 

7.7 

Ur.jVi'g. 

(1948) 

22  22 

-   1   12.6 

4.8-  6.0 

Ur.  Arg. 

(1169) 

32  48 

-(i4 

.35.7 

5.4- 

6.1 

Ur.  Arg. 

(1961) 

24  36 

-   0  24.(; 

2.2-  2.7 

300 

(42;!8) 

11  44     0 

-11 

23.1 

6.3- 

<7.0 

(1978) 

27.13 

+  10     8.3 

5.7-  6.7 

Ur.  Arg. 

(4.3S9) 

12     9  13 

+  55 

38.0 

8.5- 

9.3 

3352 

(1980) 
(1988) 

27  .56 
5  29    - 

-  6     6.6 

-  5  34 

H-  'i 

Ur.  Arg. 
300 

(4495; 
(4535) 

26  47 
12  33  43 

—22 
+  56 

.35.7 
38.0 

7.9- 

3i 

8.8 

300 
M.  Xot.  56 
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IS." 

.5.0 

Observed   1 

18;-) 

.5.0 

Observed 

No. 

Keference 

No. 

Ileference 

K.A 

Decl. 

Uange 

R.A. 

Decl. 

Range 

h    m   s 

O      / 

M 

M 

h   m   s 

O      1 

M       M 

(4  (;;«)) 

12  50 

43 

-.35  29.4 

6.3- 

7.0 

Ur.  Ai-g. 

(7020) 

19  27  13 

-25  2.0 

5.3-  6.7 

300 

(4()()r)) 

55 

18 

+  5  57.9 

8.8- 

9.7 

3347 

(7059) 

34  23 

+  12  .50.2 

7-8 

•   339 

(4(),S."')) 

58 

12 

-58  l.() 

6.2- 

7.5 

Ur.  Arg. 

(7097) 

40  51 

+  15  41 

8.8-10 

3304 

(4<i,S()) 

12  oX 

2;! 

-40  4.S.() 

().0- 

6.6 

\]v.  Arg. 

(7205) 

19  59  7 

+  36  24.5 

8.0-  9.2 

.300 

(4786) 

13  15 

15 

-16  58.5 

5.2- 

5.9 

Ur.  Arg. 

(7235) 

20  3  59 

+  25  51.8 

8.5-  9.4 

.3I6 

(48r,4) 

26 

30 

-32  33.9 

6.5- 

7.2 

Ur.  Arg. 

(72.38) 

5  .3 

+  47  25.4 

7.7-  8.9 

,300 

(49()o) 

35 

29 

+  29  6.7 

6.5- 

7.2 

300 

(7268) 

8  37 

-21  45.6 

7.0-  7.7 

3(J(J 

(4971) 

46 

56 

+  55  44.5 

8.0- 

9.0 

(7279) 

11  53 

+  49  29.6 

8.7-  9.6 

300 

(.-,oi;?) 

(r){)L'6) 

51 

2(» 

-76  5.6 

5.5- 

6.2 

Ur.  Arg. 

(7302) 

14  28 

-16  28.2 

10.4-<12 

.300 

13  55 

23 

-  1  40.S 

7.5- 

8.5 

(7305) 

15  .54 

+  36  28.4 

8.2-  9.7 

M.  Nof.  54 

(."".l."')9) 

14  17 

40 

+  26  22.0 

7.2- 

8.2 

V.  J.  S.  28 

(7,331) 

19  4 

-28  44.1 

7.4-  8.4 

3347 

(.■il'91) 

14  38 

33 

-56  3.2 

6.0- 

7.0 

Ur.  Arg. 

(7349) 

22  27 

-12  42.7 

6.8-  8.5 

Ur.  Arg. 

{i>r>(yj) 

15  22 

22 

-71  23 

6.0- 

7.0 

347 

(7375) 

25  24 

-62  1.4 

4.7-  5.3 

Ur.  Arg. 

(5572) 

25 

33 

-49  1.1 

7.0- 

9.5 

Ur.  Arg. 

(7397) 

28  3() 

-67  16.0 

5.2-  6.1 

Ur.  Arg. 

(5626) 

35 

17 

-10  27.7 

7.0- 

8.8 

300 

(7401) 

31  18 

+  17  45.5 

6.0-  6.7 

M.  Not.  56 

(5642) 

37 

29 

-34  13.5 

5.5- 

6.5 

Ur.  Arg. 

(7416) 

33  26 

-19  34.2 

9  -11 

(5690) 

15  44 

47 

—  72  2.2 

6.7- 

7.4 

Ur.  Arg. 

(7451) 

39  45 

+  16  23.5 

7.0-  8.0 

3286 

(.5,S,sn) 

16  18 

47 

+  51  4.1 

8.1- 

9.5 

8352 

(7481) 

45  13 

+33  57.1 

7.9-  9.0 

300 

(6<i;i6) 

16  43 

40 

—  5  55.3 

8.5- 

10? 

(7484) 

45  52 

+45  40 

8.7-<9.5 

3232 

((;is5) 

17  5 

57 

-69  57.8 

5.1- 

6.0 

Ur.  Arg. 

(7.502) 

48  24 

+  27  30.5 

4.9-  6.4 

300 

(6470) 

56 

i 

+  2  30.5 

8.2- 

8.8 

300 

(7524) 

20  53  11 

+  63  57.6 

7.8-  9.5 

3286 

(6490) 

17  59 

48 

+  22  3.8 

8.8- 

-13  ? 

3281 

(7.595) 

21  4  46 

+  60  28.7 

8.6-  9.3 

3286 

(6.502) 

18  1 

54 

+  28  44.4 

3.4- 

-  3.8 

300 

(7646) 

11  19 

-50  32.6 

6.1-  7.3 

Ur.  Arg. 

(6549) 

9 

54 

+  36  37.4 

8.5- 

-<10 

3329 

(7675) 

15  53 

-55  16.0 

6.0-  (>.() 

Ur.  Arg. 

(6572) 

12 

36 

-24  58.5 

6  - 

-  ^5 

Ur.  Arg. 

(7878) 

21  51  14 

+39  13.2 

7.8-  8.8 

3286 

((•)(;  99) 

35 

38 

+  r>r>  28.6 

8.5- 

-<9.5 

3171 

(8006) 

22  12  44 

+  56  15.7 

8.4-  9.5 

300 

(6716) 

37 

49 

+  .36  49.4 

7.2- 

-  8.5 

319 

(8104) 

28  17 

-  8  20.8 

9  -11.5 

300 

(6749) 

42 

28 

-  8  1.0 

7.1- 

-  8.0 

300 

(8106) 

28  48 

+  8  14.0 

9.5-<13 

300 

(6769) 

45 

.30 

-22  51.1 

9. 

J  '; 

319 

(8149) 

22  32  47 

-19  35.2 

4.8-  5.6 

Ur.  Arg. 

(682S) 

18  56 

0 

+  14  21.7 

7.0- 

-  7.8 

346 

(8407) 

23  19  6 

+  44  15.3 

7.9-  9.0 

3286 

(6S97) 

19  8 

27 

+  49  24.2 

8.7- 

-10.2  ? 

319 

(8458) 

27  16 

-43  25.0 

4.4-  5.1 

Ur.  Arg. 

(6915) 

9 

53 

-19  19.4 

9.4- 

-10.1 

300 

(8528) 

39  0 

+  2  40.8 

4.8-  6.0 

300 

(6924) 

12 

29 

+  37  21.3 

7.1- 

-  8.0 

3286 

(8562) 

44  45 

-16  39.7 

8.2-  9.3 

3347 

(()991) 

22 

54 

+  2  36.4 

6.3- 

-  7.2 

Ur.  Arg. 

(8637) 

23  57  10 

+  42  44.6 

7.2-  8.4 

3286 

(7010) 

19  26 

15 

+  17  26.0 

6.3- 

-<13 

300 

Variables  in  Stellar  Cluxters.  It  has  been  announced 
that  Prof.  S.  I.  Bailey,  in  charge  of  the  Boyden  Observa- 
tory at  Arequipa,  has  found  a  large  number  of  cases  of 
variability  in  various  stellar  clusters,  and  that  they  have 
been  confirmed  by  Prof.  Pickering  and  INIrs.  Flemixg. 
Reference  may  be  made  to  A.  N.  2986,  3223,  3321  and 
3354  for  more  particular  information.  Following  is  a 
tabular  statement  of  the  places  of  these  clusters  and  the 
number  of  variables  said  to  have  been  confirmed  in  each. 

1855.0 


K.A. 

Decl. 

N.  G.  C. 

104 

h   in   s 

0  17  .33 

o     / 

-72  ,53.3 

6  var 

;; 

362 

0  57  19 

-71  37.6 

5  " 

1855.0 


5904 
665(i 
7089 
7099 


E.A. 


Decl. 


+  29  6.6 

87  var. 

+  2  36.8 

46  '^ 

-24  1.2 

4  " 

-  1  27.8 

2  " 

—23  50.0 

3  '• 

N.  G.  C.  ,5272  13  .35  30 
15  11  13 
18  27  33 
21  26  0 
21  32     8 

Two  variables  had  already  been  found  by  Packek,  1890, 
(see  (5481)  —  Librae,  Second  Catalogue)  in  the  fourth 
cluster  above  given.  One  of  these,  not  included  in  the 
above  list,  was  independently  confirmed  by  Bailey.  Four- 
teen other  variables  in  the  same  cluster,  and  nine  others  in 
no.  5272,  were  also  found  by  Bailey,  but  have  not  liccn 
confirmed  and  are  not  included  in  the  above  count. 
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MIssiii'j  Dun-hill usteriiuij  Sturs.  Prof.  Kkeutz  some 
time  ago  by  letter  made  the  pertinent  suggestion  that  it 
mij^lit  be  well  to  int'hule,  in  the  list  of  unoonfinned  stars 
of  this  Catalogue,  those  stars  of  the  Diirrhiiiiixteniii;/  wliiuh 
have  been  missed  from  the  heavens  by  vai'ious  observers. 
Undoubtedly  many  of  these  objects  are  (juite  as  mut'h  de- 
serving of  attention  ixs  the  direetly  ainioiineed  instances  of 
suspected  variability,  and  it  is  much  to  be  desired  that  a 
complete  list  of  tliem  should  be  collected  and  printed  for 
the  convenience  of  variable-star  observers.  I  cannot  pre- 
tend to  do  this  here :  but  append  a  partial  list.  In  all 
these  cases,  except  the  four  marked  with  an  asterisk,  an 
examination  of  the  l?onn  records,  by  Profs.  ScnoNFKi.i), 
Deichmvllek  or  Kueutz,  has  shown  the  originals  to  be 
clear,  leaving  little  doubt  of  the  actual  existence  of  the 
stars  in  question  at  the  time  the  PJI.  observations  were 
made.  This  list  could  undoubtedly  be  much  extended  by  a 
more  thorough  se.arch,  and  indeed  quite  indefinitely  if  we 
included  all  the  stars  in  the  DM.  of  the  !»".5  class  wliich 
have  been  found  to  be  not  brighter  tlian  10". 5  or  IP'.  Hut 
for  reasons  familiar  to  astronomers,  it  is  not  likely  that  this 
latter  class  would  yield  any  considerable  number  of  cases 
of  variability'.  On  the  other  hand,  there  is  good  reason  to 
anticipate  that  tlie  examination  of  the  missing  stars  given 
lielow  would  be  fruitful  in  this  respect. 
IS.J.5.0 


DM. 

.s'33 

9  34 

S  215 

20  235 

15  379 

7  483 

8  558 
23  612 
15  587 
28  647 

13  703 
42  1196 
28  1466 
28  1477 
28  1484 

32  1636 
28  1561 

7  2277 
1(»  22.".3 

7  2425 

7  3076 

*4  4:!:{2 

♦46  3019 

•43  3749 

*42  3891 

7  5106 


K.A. 

b       11)      8 

0  13  38 

0  14  47 

1  13  57 

1  22  46 

2  35  55 

3  4  55 
3  36  32 

3  56  34 

4  0  17 
4  13  54 

4  31  21 

5  1  26 
7  37  41 
7  40  19 
7  41  32 

7  43  57 

8  0     5 
10  11  52 

10  54  34 

11  5  21 

15  55  47 

19  57  23 

20  37  50 
20  47  21 
20  47  30 
23  50  28 


Dccl. 

+  8  36.3 
+  9  52.5 
+  S  55.3 
+  20  8.5 
+  15  15.1 

+   7  34.1 

+  8  56.4 

+  23  35.0 

+  15  50.4 

+  28  13.3 

+  13  26.0 
+  42  2.3 
+  28  14.5 
+  28  51.6 
+28  5{i.S 

+32  40.8 
+  28  56.6 
+  7  55.8 
+  10  56.5 
+   7  28.5 

+  7  0.7 
+  4  22.9 
+  46  30.1 
+43  44.5 
+  42  41.8 
+   7  20.0 


9.5 
9.5 
9.5 
9.5 
9.5 

9.5 
9.5 
9.5 
9.5 
9.5 

9.5 
9.5 
9.5 
9.4 
9.5 

9.5 
9.5 
9.5 
9.5 
9.5 

9.5 
9.5 
9.2 
9.5 
9.5 
9.5 


Authority 

Deichm  idler 
Deichmullcr 
Tempel 
We'iss 
J.  Palisa 

Weiss 
J.  Palisa 
Oppolzer 
Peter 
Weiss 

J.  Palisa 

Deichmtiller 

Deichmiiller 

Deichmiiller 

DeichmiUler 

Deichmiiller 
Deichmiiller 
J.  I'alisa 
Deichmidler 
Schmidt 

von  Boinik 

Chandler 

Espin 

Espin 

Espin 

Tempel 


Sii.iperfed  Variables  in  the  Covdohn  Diirchiii  listening.  In 
the  introductions  to  the  two  published  volumes  of  the  Cor- 
doba Durrhiiiusteruiiij  Dr.  Thome  has  collected  the  stars 
which,  in  the  jirosecution  of  that  work,  showed  such  dis- 
crepancies in  the  recoi-ded  magnitudes  as  to  raise  suspicion 
of  their  variability.  The  evidence  in  a  large  number  of 
these  cases  is  striking,  and  indeed  has  been  verified  in  a 
considerable  number  of  them  by  other  observers;  and  tliere 
is  little  doubt  tliat  furtlier  examination  of  these  ricli  mate- 
rials will  result  in  the  confirmation  of  many  more.  The 
lists  are  too  long  to  be  reproduced  here,  but  it  ajipears  de- 
sirable to  print  at  least  a  selection  of  what  seem  to  be  the 
most  promising  cases.  Since  it  will  be  mo.st  conveniently 
used  in  conjunction  with  the  Cordoba  Catalogues  the  ecpii- 
nox  of  1875  is  employed. 

187.5.0 


Cord.  DM. 

-33°1S5 

22  177 
25  1197 
38  2(539 

23  4020 

29  3464 

24  7693 
22  7617 
33  6410 
24  12600 

37  11462 
35  119.;6 
24  l.:!(i21 
41  12260 
33  12697 

33  13321 

38  13089 
2213401 
27  15202 
22  15937 


K.A. 

It    in    S 

o  27  1 
0  29  9 
2  54  59 
6  21  3 
6  28  6 

6  42  2 

8  59  34 

9  42  53 
9  44  •^^^ 

16  4  25 

17  10  47 
17  39  54 
17  47  .36 
17  50  7 

17  51  41 

IS  24  54 

18  38  58 
IS  46  42 
20  54  54 
22  25  8 


Dccl. 

-33  .33.9 

22  26.6 
25  15.5 
38  52.3 

23  10.4 

29  3.6 

24  34.6 
22  33.6 
33  58.3 
24  34.4 

37  13.5 
35  30.0 
24  6.7 
41  4.7 
33  52.9 

33  14.0 

38  17.2 
22  50.1 
27  34.8 

-22  52.6 


Oliserved 
Limits 

>l  M 

S.5-<10.5 
8.3-<10.5 
8.7-<10.5 
9  -<10.5 
8.5-    10.7 

S.5-<10.5 

8  -<10.5 
S.5-<10.5 
7.5-    10 

9  -<10.5 

7.5-      9 
8.2-<10.5 
8.5-    10.5 
8.5-    10 
7.5-    10 

9.7-<10.5 
9    -<10.5 

8  -      9.5 

9  -<10.5 
8.7-<10.5 


Table  for  Cox-\-ertixg  Juliax  axd  Calendar  Dates. 


1S95 

1896 

1897 

1898 

1899 

1900 

Jan.  0 

241 3194 

3559 

3925 

4290 

4655 

5020 

Feb.  0 

3225 

3590 

3956 

4321 

4680 

5051 

Mar.  0 

3253 

3619 

3984 

4349 

4714 

5079 

Apr.  0 

3284 

3650 

4015 

4380 

4745 

5110 

May  0 

3314 

36S0 

4045 

4410 

4775 

5140 

June  0 

3345 

3711 

4076 

4441 

4so(; 

5171 

July  0 

3375 

3741 

4106 

4471 

4S36 

5201 

Aug.  0 

340(i 

3772 

4137 

4502 

4867 

5232 

Sept.  0 

3437 

3803 

416S 

4533 

4898  " 

-5263 

Oct.  0 

3467 

3833 

4198 

4563 

4928 

5293 

Nov.  0 

3498 

3864 

4229 

4594 

4959 

5324 

Dec.  0 

3528 

3894 

4259 

4624 

4989 

5354 

p.  140,  Corrected  place  of  22  VSculptori»    (1900)  C"  3""  34' 
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NOTE   ON    THE   VARIABLE 

•  By  PAUL  S. 

In  the  course  of  the  observations  made  bj'  Mullek  and 
Kempf  for  the  Potsdam  Vhotometv'w  Dnrrhiinigtenni/;,  this 
star  was  observed  four  times,  as  foUows  : 

ISSSJune    1  IG 'l'2"'sid.  Time  7.94 

1890  Sept.  19  19  48  7.48 

1891  Oct.     1  20     1  7.42 
1891  Oct.     6  19  50  7.85 

The  first  and  last  of  the  above  observations  evidently 
found  the  star  very  nearly  at  its  minimum,  while  by  apply- 
ing either  Hartwig's  or  Dunne's  elements,  we  find  that  at 
the  time  of  the  other  two,  it  must  have  been  at  its  normal 
light. 

To  be  considered  in  any  sense  definitive,  any  elements 
for  the  star's  variation  must  account  for  the  observations 
of  1888  June  1  and  1891  Oct.  6.  This  is  fairly  the  case 
with  the  elements  of  H.\ktwig,  as  shown  in  his  paper  in 
the  Ash'onomische  Nachrichten,  136,  331.  These  elements, 
however,  do  not  satisfy  my  observations  of  1895. 

On  the  other  hand,  the  elements  of  Dun^k,  while  ac- 
counting fairly  for  the  observations  of  1894  and  1895, 
entirely  fail  to  satisfy  these  early  Potsdam  observations. 

The  comparison  is  as  follows,  the  0  — C  being  simply  the 
difference  between  the  time  of  observation  and  the  com- 
puted time  of  minimum,  the  former,  in  the  first  and  last 
observations,  being  probably  not  more  than  half  an  hour 
from  the  actual  minimum,  in  either  case. 


Epoch  Approx.  Gr.  M.T. 

-11,52  1881June    1.448 

-  733  1890  Sept.  19.292 

-  545  1891  Oct.      1.209 

-  540  Oct.      G.248 


Comp.  Time  O  —  C 

June    1.963  -0.515 

Sept.  20.236  -0.944 

Sept.  30.485  +0.784 

Oct.      6.518  -0.270 


The  conclusion  seems  to  me  unavoidable,  that  the  star's 
period  is  variable,  though  the  character  and  value  of  the 
variation  cannot  at  present  be  determined. 

Prof.  DuxiR,  in  his  paper  in  Vol.  XVI,  p.  105,  of  this 
Journal,  alludes  to  my  observed  minimum  of  1895  April  23, 
as  "  evidently  erroneous."  I  am  by  no  means  disposed  to 
accept  this  rather  summarj'  estimate,  as  the  minimum  in 
question   happens  to  be  one  of  the  best  defined  and  best 
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STAR  G442   Z HERCULIS, 

VENDELL. 

observed  of  the  entire  series,  and  entirely  free  from  any 
suspicion  of  prepossession,  as  is  indicated  by  the  weight 
attached  to  it. 

It  is  an  easy  and  convenient  matter  to  dispose  in  this 
manner  of  an  observation  which  does  not  confirm  one's  own 
theory ;  but  I  have,  myself,  during  the  past  year,  had  a 
sharp  lesson  on  the  error  of  the  practice,  as  my  first  mini- 
mum of  U Pe(jasi,  observed  in  1894,  which  I  had  been  in- 
clined to  pass  over  lightly,  as  hopelessly  discordant,  proves 
to  have  contained  the  key  to  the  whole  enigma  of  the  star's 
period.  The  present  state  of  our  knowledge  of  the  varia- 
tions of  Z  Her  culls  does  not  seem  to  me  to  justify  the  re- 
jection of  any  such  minimum. 

In  an  equally  summary  manner.  Prof.  Dunkk  proceeds 
to  dispose  of  my  observed  magnitudes,  quoting  Linde- 
mann's  value  of  the  normal  light,  6*'. 89,  as  a  basis.  My 
magnitude  estimates  for  the  comparison-stars  were  founded 
directly  upon  the  values  given  by  Mijllkr  and  Kemtf,  and 
agree  very  fairly  therewith.  Their  observations  of  1890 
Sept.  19  and  1891  Oct.  1,  as  above  remarked,  must  have 
been  made  wlien  the  star  was  at  its  normal  light,  and  the 
mean  of  the  two  is  7". 45.  My  estimate  of  the  normal 
light,  from  nineteen  observations,  is  7". 30,  the  average 
minimum  light  being  at  the  even  minima  7", 94,  and  at  the 
odd  ones  7". 75.  This  agrees  much  more  nearly  with  the 
measures  of  Mullek  and  Kempf  than  with  those  of  Lindp;- 
MAS"N,  and  the  observed  ranges  of  variation,  0".64  and 
0".45,  account  fully  for  the  difficulty  of  oliservation. 

As  will  be  seen,  the  light-range  observed  by  me  at  the 
odd  minima  accords  very  well  with  that  found  by  Prof. 
DuNEK,  but  at  the  even  ones  it  is  about  one-third  less.  AVe 
have  no  evidence  thus  far  that  the  star's  minimum  light  is 
constant ;  my  own  observations  lead  me  to  suspect  that  the 
light  of  several  stars  of  this  type  fluctuates  to  some  degree 
at  this  phase,  and  it  is  possible  that  this  may  be  the  case 
with  Z  HerruUs.  And  it  should  be  borne  in  mind  that 
Prof.  Duner's  strictures  on  my  observations  are  based,  not 
on  other  simultaneous  observations,  but  on  those  made 
during  the  previous  year  by  various  observers. 
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made  with  a  4i-incii  kkkhactdk  at  till  i,ai)ei.1'1i  i  a,  i'kxxa.,  ixtu.  makch  20,  and  afteli  that  date  at  liekwvn.   pe.nxa. 

By  a.  W,  (MIMHV. 


1896 

Time 

New 

Tom) 

Fttc. 

Def. 

Grs. 

Grs. 

Sjiots 

Grs. 

Jan.    1 

li 
10 

1 

4 

19 

3 

fail- 

2 

10 

- 

3 

14 

3 

poor 

3 

10 

- 

2 

8 

1 

poor 

4 

2 

- 

2 

9 

3 

poor 

ii 

12 

- 

4 

18 

3 

poor 

6 

11 

1 

5 

19 

1 

poor 

8 

11 

- 

3 

11 

2 

poor 

10 

12 

- 

1 

1 

1 

poor 

11 

12 

— 

1 

1 

4 

fair 

12 

9 

2 

2 

9 

3 

fair 

13 

10 

- 

2 

7 

3 

poor 

14 

9 

- 

9 

4 

2 

poor 

15 

10 

- 

1 

2 

1 

poor 

It; 

10 

1 

2 

2 

2 

poor 

18 

10 

- 

2 

2 

2 

poor 

20 

11 

— 

2 

2 

- 

fair 

21 

12 

- 

9 

2 

- 

poor 

22 

9 

- 

2 

2 

1 

fair 

25 

9 

1 

3 

3 

1 

fair 

26 

9 

9 

5 

10 

3 

good 

27 

10 

1 

5 

22 

3 

fair 

28 

10 

_ 

5 

31 

3 

fair 

29 

10 

_ 

3 

19 

2 

fair 

30 

10 

— 

2 

9 

2 

fair 

31 

12 

1 

3 

18 

1 

fair 

Feb.    2 

2 

1 

4 

21 

3 

fair 

6 

10 

1 

4 

14 

2 

fair 

7 

10 

- 

4 

14 

1 

poor 

8 

11 

1 

5 

15 

3 

poor 

9 

2 

- 

2 

6 

1 

v.poor 

10 

3 

- 

4 

12 

4 

fair 

11 

9 

- 

3 

10 

3 

jxxir 

12 

9 

- 

3 

9 

2 

poor 

14 

9 

1 

4 

14 

2 

poor 

15 

9 

- 

3 

14 

1 

jioor 

16 

1 

- 

2 

13 

1 

poor 

17 

9 

- 

1 

4 

1 

poor 

18 

9 

1 

2 

6 

2 

poor 

19 

9 

1 

3 

12 

2 

poor 

20 

9 

- 

3 

18 

3 

poor 

21 

8 

- 

2 

22 

2 

poor 

22 

11 

3 

5 

58 

1 

poor 

23 

9 

- 

5 

63 

1 

poor 

24 

10 

- 

4 

75 

1 

poor 

25 

10 

- 

4 

47 

1 

poor 

27 

9 

— 

5 

50 

2 

fair 

28 

9 

1 

5 

38 

9 

fair 

Mar.    1 

5 

_ 

4 

28 

2 

poor 

2 

1 

4 

17 

2 

poor 

3 

9 

4 

22 

2 

poor 

4 

9 

1 

5 

27 

2 

poor 

5 

9 

- 

5 

24 

1 

poor 

18% 

Time 

New 
Grs. 

T( 
Gr». 
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*  2i-inch  objective,  36-inch  focus,  power  72. 


NO'  380 


THE     ASTRONOMICAL     JOURNAL. 


175 


NOTE   ON   THE 


PERIODIC   COMET   OF   BROOKS  AND   JAVELLE, 

Bv  CHARLES  LANE  POOR. 


The  observation  of  M.  Javkli>:  is  sufficient  to  determine 
very  closely  the  elements  of  this  interesting  body,  and  also 
to  tlu'ow  some  light  upon  the  vexed  question  as  to  the 
possible  identity  witli  Comet  of  Lexell  1770.  It  will  be  re- 
membered that  in  the  Astvonomwal  Journal,  nos.  302  and  303, 
I  expressed  the  elements,  which  represent  the  former  ap- 
pearance of  this  comet  in  1889,  in  terms  of  an  indeterminate 
quantit}',  v,  the  limits  of  variation  of  which  were  placed  at 
±  40.  In  all  my  subsequent  work  this  quantity  was  re- 
tained and  carried  through  the  computations.  A  .simple 
comparison  of  my  ephemeris  with  the  observation  above 
mentioned  is,  therefore,  sufficient  to  .determine  au  apjDroxi- 
mate  value  of  v,  and  thence  the  values  of  the  elements. 

Making  this  comparison,  I  find  the  following  differences, 
in  the  sense  Observed  iiiimis  Computed. 

J«  =    -0">  24^61 
z/S   =    -2'    36".00 

From  these  I  find  the  value  of  v  to  be 

From  comparison  in  a,  —3.85 

From  comparison  in  8,  —3.48 

Mean  value,  —3.66 

Correcting  the  elements  given  in  Astronoi»ical  Journal 
no.  320,  by  introducing  this  value  of  v,  I  find  for  the  ele- 
ments of  the  present  appearance  of  this  body,  the  following : 

Epoch  1896  Oct.  23.5  Greenwich  M.T. 

C 

ir    =  1 

18 

6 

343 


S    = 


48  53.69"] 
I  slios  ^^896.0 
47  45.93  J 


log  a 

=  0.567  3648 

log  e 

=  9.6715950 

log/x 

=  2.698  9593 

T 

=   1896  Nov.  4.1617 

Greenwich  M.T. 

And  these  elements,  1  tliink,  will  be  found  to  be  very 
close  to  the  definitive  ones. 

As  to  IdeHfitij  with  LexalVs  Comet  oi  1770.  The  very  small 
value  above  found  for  v  leaves  the  conclusions,  reached  in 
my  paper  in  Astronomical  Journal  no.  303,  practically  un- 
changed. It  was  there  pointed  out  that  large  disturbances 
by  Saturn  were  necessary  to  establish  the  identity  of  the 
two  bodies.  No  such  disturbances  were  indicated  by  the 
mean  set  of  elements,  and  no  such  disturbances  are  indicated 
by  the  introduction  of  the  above  value  of  v.  Small  dis- 
turbances by  Saturn  are  indeed  indicated,  but  they  are  far 
too  small  to  effect  the  result. 

On  the  other  hand  the  small  negative  value  found  for  v 
points  strongly  to  an  extremely  close  appulse  to  Jupiter  in 
1791.  It  is  highly  probable  that  in  that  year  the  comet 
suffered  great  disturbances,  and  that  its  orbit  was  then 
greatly  changed.  The  data  are  not  yet  sufficient  to  enable 
us  to  determine  the  character  of  those  changes.  But,  as 
was  clearly  pointed  out  in  the  above  mentioned  article,  if 
such  an  appulse  took  place  in  1791,  the  present  comet  can- 
not possibly  be  the  same  as  Lexell's. 

Unless  there  is  some  error  in  my  previous  work,  or  un- 
less quantities  of  the  second  order,  there  of  necessity 
neglected,  nuiterially  affect  the  results,  it  would  now  seem 
to  be  reasonably  well  established  tliat  the  periodic  comet 
of  Bbooks  and  Javelle  is  not  identical  with  that  of  Lexell. 


ISOO  June  2.5. 


ECLIPSES   AND   CHRONOLOGY  :    A   KEPLY   TO   MR.   LYNN, 

Bv  JOHN  N.  STOCKWELL. 


In  no.  375  of  this  Journal,  Mr.  W.  T.  Lyxx  has  en- 
deavored to  show  that  the  battle  between  Eugenius  and 
Theodosius  the  Great,  took  place  early  in  September  in- 
stead of  late  in  November,  as  the  account  given  by  Zosi- 
Mus  very  clearly  shows.  Now  there  are  some  rea,sons  for 
believing,  that  Mr.  Lyxx  is  mistaken  in  his  views  of  the 
subject,  and  that  the  narratives  of  the  different  historians 
when  properly  understood,  clearly  indicate  that  the  battle 
took  place  in  the  winter  rather  than  early  in  September. 
Mr.  Lynx's  conclusions  are  based  on  a  statement  of  the 
ecclesiastical  historian  Sockates,  who  says  that  the  battle 
took  place  early  in  September,  which  is,  he  says,  a  much 
more  likeltj  time  for  it  to  take  place,  than  late  in  November. 
But  he  omits  to  give  any  reason  why  it  was  more  likely  to 
occur  at  that  time  than  at  a  later  date.  Had  he  said  a 
more  desiraUe  time,  his  statement  would  not  have  been 
open  to  criticism.     It  seems  to  me  that  the  most  likely 


time  for  a  battle  to  occur  at  a  given  place  would  be  such 
time  as  the  opposing  armies  may  be  able  to  meet  at  such 
place.  A  few  words,  however,  in  regard  to  the  narratives 
concerning  the  battle,  may  not  be  out  of  place  here. 

The  historian  Zosimus  distinctly  speaks  of  an  eclipse  of 
the  sun  having  taken  place  on  the  first  day  of  the  battle, 
while  other  historians  mention  a  great  storm  of  wind  and 
dust  which  happened  on  the  second  day,  and  contributed 
largely  to  the  success  of  the  arms  of  Theodosius.  There- 
fore, there  is  nothing  incompatible  in  the  accounts  of  the 
different  historians ;  both  may  be,  and  probably  are,  correct ; 
but  the  date  of  the  battle  according  to  the  eclipse  does  not 
correspond  with  that  given  by  Socrates;  and  as  the  date 
of  the  wind-storm  cannot  be  determined  by  calculation, 
there  is  perhaps  room  for  reasonable  doubt  as  to  which 
historian,  Sockates  or  Zosimus,  is  correct ;  and  these 
doubts  can  only  be  removed  by  means  of  collateral  evidence 
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wliifh  may  be  found  in  the  narratives  of  the  different  liis- 
torians. 

I  have  already  remarked  that  the  most  likely  time  for 
the  battle  to  occur  was  such  time  as  the  two  armies  could 
be  brought  together  at  a  given  point.  Now  according  to 
the  comjiiler  of  the  ConstHiitinojioHtun  History  as  given  in 
the  eighth  edition  of  the  Eiu-i/dopedla  liritann'wn,  the  army 
of  TnEiiDOsirs  after  leaving  Constantinople  arrived  at 
Adrianople  on  the  tifteenth  day  of  June.  We  tlierefore 
know  the  position  of  the  army  of  Tmeodosius  at  a  given 
date,  and  it  only  remains  to  inquire  what  length  of  time 
would  be  required  for  that  army  to  march  from  Adrianoide 
to  Aquileia,  a  city  near  which  the  battle  wiis  fouglit.  The 
great-circle  distance  between  those  cities  is  about  eight 
liundred  Englisli  miles ;  but  the  army  would  be  obliged  to 
march  over  a  broken  and  mountainous  country,  and  the  dis- 
tance actually  traversed  would  probably  not  fall  much  short 
of  twelve  hundred  miles.  The  interval  of  time  between 
June  lo  and  September  1  is  only  seventy-seven  days;  but 
if  we  knew  the  daily  rate  of  progress  of  the  army,  we 
could  easily  tell  at  what  time  it  would  reach  its  destination. 
That  rate,  however,  being  unknown,  we  are  obliged  to  seek 
other  sources  of  information,  the  most  reliable  of  wliich 
seems  to  be  the  expedition  of  Nai'Olkon  to  Moscow  in  the 
year  1812.  The  army  of  Napoleon  left  Dresden  on  May  29, 
and  reached  ^Moscow  about  the  middle  of  September ;  an 
interval  of  one  liundred  and  ten  days.     Now  the  great-circle 

Cler:eland,  lS9(5J«nel. 


distance  between  Dresden  and  Moscow  is  about  one  tliou- 
sand  miles;  but  the  surface  of  the  country  is  unbroken 
and  wliolly  free  from  mountains.  The  natural  obstacles 
encountered  byNAi'Oi-Eox  in  that  expedition  could  not  tliere- 
fore have  been  greater  than  were  encountered  by  Tiieodo- 
sius  in  liis  expedition  against  Ahbogastks  and  Eugenius. 
Napoleon  has  never  been  accused  of  being  sluggish  in  his 
movements;  and  I  think  we  are  fully  justiKed  in  allowing 
Tueoddsius  as  mucli  time  in  his  journey  to  Aquileia,  as 
was  consumed  by  Napoleon  in  his  journey  to  Moscow. 
This  would  bring  the  date  of  his  arrival  at  that  place  up 
to  the  early  part  of  October  ;  and  I  think  we  may  regard 
it  as  physically  impossible  that  the  battle  took  jjlacc  at  tlie 
time  assigned  by  tlie  historian  Sockates. 

Hut  this  is  not  all.  For  the  poet  Clai'dian,  whose  descrip- 
tion of  the  wind-storm  at  the  time  of  the  second  battle  is 
quoted  by  Mr.  Lynx,  in  speaking  of  the  battlefield  also 
says,  that  the  snow  was  colored  red,  and  the  cold  river 
smoked  with  the  blood  of  the  slain.  Now  it  seems  extremely 
improbable  that  the  ground  should  be  covered  with  snow 
in  the  latitude  of  southern  or  central  Europe  in  the  early 
jiart  of  September;  for  it  is  very  seldom  that  snow  falls  in 
that  latitude  before  the  middle  of  November,  even  in  this 
country,  which  is  much  colder  than  Europe.  These  allu- 
sions however,  strongly  remind  one  of  winter ;  and  (juite 
as  strongly  confirm  the  testimony  of  Zosimus  that  the  bat- 
tle and  the  eclipse  were  contemporaneous  events. 


OliSERVATIOXS  AND   ELEMENTS   OF   TAVO   VARIABLES, 

MAllE    .\T   THE    U.S.    N.VVAI.   OBSEH V.VTOHV    with    the    12-INCIJ    AXn   ■ili-INClI    Hyl  ATOUIALS, 

JiY  II.  M.   PAUL. 
[Communicated  by  Prof.  Wm.  Harkxess,  U.S.X.,  Astronomical  Director.]. 


Tlie  following  observations  and  approximate  elements  re- 
late to  two  of  the  four  variables  discovered  by  Mr.  Skixxek 
in  the  progress  of  his  zone-observations  at  this  observatory. 
The  lower  limits  of  magnitude  rest  upon  light-scales  ex- 
tended downward  from  tlie  DM.  at  the  assumed  rate  of  10 
observed  steps  per  magnitude,  and  hence  are  somewhat 
uncertain.  I  suspect  that  what  I  have  called  12". 0  is 
really  considerably  fainter,  but  how  much  I  have  as  yet  no 
data  for  estimating. 

3425.     Xllijdroe. 

Since  the  observations  published  in  A.J.  XV,  103,  I  have 
observations,  on  16  nights,  between  1895  Nov.  18  and  1896 
May  15.  The.se  give  a  rise  from  about  11  ".8  on  the  first 
date  [probably  a  little  after  minimum]  to  a  maximum  of 
8".4  at  about  1896  April  2  [2413652],  with  a  fall  to  9«.2 
on  May  15.     The  following  formula  for  maxima, 

1896  April  2  =  241  3652  +  296  E, 
with    M—ifi  =  151'',    and  a  range  of  variation  from  8". 4 
to  12". 0  may  be  regarded  as  more  accurate  elements  than 
those  first  suggested  in  A.J.  XIV,  160,    and   adopted   by 


CuAXDLKR  in  his  Revised  Supplement  \^A.J.  XV,  81].  The 
period  is  the  same,  but  the  epocli  of  the  new  elements  is  8 
days  earlier. 

8622.      W  Ceti. 

Since  the  announcement  by  Mr.  Skixxek  of  his  discovery 
and  of  my  fir.st  observations  of  this  star  \^A.J.  XV,  48],  I 
have  30  obsefvations  during  an  interval  of  207  day.s,  cover- 
ing the  following  phases:  From  about  9". 6,  observed  in 
morning  twilight  1895  June  22  and  23,  the  star  fell  slowly 
to  a  minimum  of  about  12«.0  on  1895  Oct.  5  [2413472], 
and  then  rose  more  rapidly  to  about  8". 7  on  1896  Jan.  3. 
Two  observations,  on  Jan.  11  and  15,  showed  little  further 
change,  and  bad  weather  prevented  later  observations;  but, 
for  reasons  stated  below,  I  hardly  think  a  maximum  had 
been  reached. 

The  interval  between  this  rising  slope  and  the  corre- 
sponding parts  of  the  rise  noted  in  the  first  announcement 
\_A.J.  XV,  48]  would  indicate  a  period  somewhat  near  340 
days.  But  the  only  elements  which,  with  a  constant  iierind 
approximating  this,  will  fairly  satisfy  the  observations  of 
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Lalande,  Argelander,  ScHOENFELD,  luul  18  H.C.O.  plates,* 
are  the  following : 

189C  Feb.  10  =  241  3600  +  3r)0E. 
As  there  may  be  considerable  inequality  of   period  in- 
volved in  the  interval  since  the  observations  of  Lalandk 
and  Argelandkr,  the  above  can  be  considered  only  a  rough 


approximation  to  period  and  epoch,  the  latter  being  espe- 
cially doubtful  since,  if  the  period  be  approximately  correct, 
the  maxima  have  lately  been  occurring  near  conjunction 
with  tlic  SUM,  and  are  still  too  near  for  very  accurate  de- 
termination unless  favored  with  clear  twilight  horizons  near 
the  critical  [iiniocl. 


*  The  ScHOENFEl.i)  euul  II. CO.  observations  were  kindly  furnishetl 

to  Mr.  Skinnek   by  Dr.  Ki'sT.XEU  ami  Prof.  ricKKiUN'd.     Also  a 

letter  from  51.  Tisskuaxd  states  that  this   star  has  not  yet  [189.5 

Washinr/ton,  1890  June  12.  


July  3]  been  observeil  at  Paris  in  tlie  revision  of  L.vlande.  It  may 
be  well  to  notice  here  that  the  Lai..\ni)K-1Saii.v  right-ascension 
[Lai.  47087]  is  1'"  too  small,  as  noted  by  Aroelandei!  in  UB.  7:239. 


OBSERVATIONS    OF    COMET  b  189(3  (swiFr), 

made  at  the  lick  oliseiivatory,  with  the  12-xnch  e(ju.\tohi.vi,  telescope, 

By  R.  G.  AITKEX. 


1896  Jit.  Hamilton  M.T. 
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Authority 

1 

1 

// 

H 

4 

1 

50 

9.78 

-1.67 

+  65 

56 

45.9 

+  2.4 

Fearnlev,  Christiania  A.G.  Catal.  352 

5 

1 

44 

34.08 

-1.70 

+  66 

33 

2.0 

+  1.7 

Fearnlev,  Christiania  A.G.  Catal.  336 

6 

1 

36 

34.39 

-1.74 

+  67 

2 

22.0 

+  0.9 

Fearnley,  Christiania  A.G.  CataL  321 

7 

0 

21 

11.04 

-1.34 

+  71 

19 

3.5 

-6.9 

Micrometer-comparison  with  (8)    [Zone71°16)| 

8 

0 

19 

50.31 

-1.34 

+  71 

13 

49.1 

-6.9 

\  (2  Rogers,  Cambridge  A.G.  Catal. 15  + 

Dorpat, 

9 

0 

16 

5.04 

-1.37 

+  71 

27 

27.8 

-7.2 

jMicrometer-coniparison  with   (10) 

10 

0 

12 

0.88 

-1.37 

+  71 

26 

21.8 

-7.2 

Dorpat,  Zone  71°10 

11 

0 

13 

38.01 

-1.37 

+  71 

29 

5.1 

-7.2 

Micrometer-comparison  with  (10) 

12 

0 

8 

32.53 

-1.31 

+  71 

46 

24.2 

-7.2 

Micrometer-comparison  with  (13) 

13 

0 

16 

52.46 

-1.31 

+  71 

40 

18.4 

-7.2 

Argelander,  Bonn  VI,  7ini 

14 

0 

2 

2.92 

-1.35 

+  71 

50 

28.7 

-7.9 

Micrometer-comparison  with  (15) 

15 

23 

55 

0.73 

-1.35 

+  71 

49 

19.4 

-7.9 

Dorpat,  Zone  71°1245 

(<Z)  indicates  that  Ja  was  measured  directly.  .  On  May  12,  the  wind  shook  the 
May  23-2ti  were  made  in  full  moonlight,  and  were  in  conseriiience  very  difficult. 

m.  Eamilton,  1890  June  8. 


telescope  badly  during  the  observation.      The  measures  of 


OBSERVATIONS   OF  MINOR  PLANET  (387), 

MADE  AT  THE  DUDLEY  OBSERVATORY,  ALBAXY, 

By  JOHN  H.  OGBUEN. 


1895  Albany  M.T. 

* 

No. 
comp. 

Planet—^ 
Ja            1           J8 

Planefs  apparent 
a                1                8 

logpA 
for  a       1     for  S 

h       III      s 

m       s 

'            II 

h 

ni         s 

0           ■           // 

May      1 

12  50  28 

1 

6 

-0  34.45 

-  0  32.1 

18 

5  49.06 

+   0  46  32.8 

«9.414 

0.770 

6 

11  33  36 

2 

12,5 

+  0  16.86 

-   0  13.9 

18 

6  28.68 

+   1     5  16.3 

7(9.547 

0.770 

12     7  21 

3 

8 

+  0  22.48 

-   1  50.8 

18 

6  28.80 

+   15  21.9 

M9.488 

0.770 

7 

11  20  51 

4 

4 

+  2  10.62 

+   2     4.5 

18 

6  31.37 

+   1     8  30.5 

»9.540 

0.770 

22 

11     3  59 

5 

6 

+  2  14.09 

+   1    19.6 

18 

3  34.69 

+   1  35  45.3 

K9.328 

0.766 

23 

10  19  22 

6 

7 

+  2  13.03 

+    1   29.0 

IS 

3     9.79 

+   1  35  44.4 

»9.551 

0.764 
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1S95  Albany  M.T. 


Xo. 
comp. 


Planet  - 


j<; 


May   29 
June     1 

o 

«) 

10 
11 

17 

L'S 


10  23  o(! 

11  3i)  16 
•> 


41 


10 

It 
10 

9-    7     2 
10  30  30 


41 
43 

10 


July 


Autr. 


17 
IS 
19 
23 
28 
2 

5 
7 
14 
15 
16 
19 


10  42 

10  44 

9  2") 

1 


r)9 
3 
9 

10 

r>  M 
4  r.9 

44  24 


9 
11 
10 

9 

9  53  51 

9  58  32 

8  53 

9  4 
9  31 
9  43 

8  47 

9  53 


Sept.    1       7 


2 
22 
54 
25 

14 
4 
8 
0 
59  17 
8  22  37 
8  42  28 
7  47     9 


8  38 

9  0 


7 

10  ,  () 

8 

8 

8 

8 

9 

8 

9 

7 

9 

8 

10 

7 

11 

6 

12 

7 

12 

7 

13 

9 

14 

4 

14 

7 

15 

7 

16 

6 

17 

8 

18 

7 

19 

5 

20 

7 

21 

7 

21 

4 

22 

8 

23 

5 

24 

5 

25 

8 

26 

6,2 

27 

6 

27 

7 

_n 

+  1 
+  1 
+  1 
+  0 
-0 

-1 

2 

+  1 

+  0 

—  0 
+  4 
+  3 
+  2 
+  2 

—  0 

-1 
•> 

+  1 

+  0 

+  1 

-1 

+  3 

+  3 

+  2 

-1 
_o 

-1 


10.98 

38.(il 

0.44 

19.41 

28.94 

15.87 

52.04 

9.91 

29.63 

48.74 

4.00 

8.29 

49.54 

53.19 

57.25 

31.40 

55.88 

52.80 

27.51 

38.85 

12.18 

9.38 

3.07 

3.48 

59.  S3 

5.10 

31.04 

28.70 


+ 

+ 


+  0 

+  7 

+  1 

-  3 


+ 


+   () 


-  ( 
-11 
+   3 

-  7 

-  3 
+  11 

-  1 
+  6 

-  5 
5 
1 


+ 


+  11 
+   0 


01  .o 
48.3 
54.1 
51.6 
54.7 
40.9 
12.8 

7.4 
16.9 
32.3 

6.9 
35.6 
32.0 
27.1 

6.6 
29.6 
55.2 
57.7 
17.7 
25.3 
51.7 
31.1 
11.2 

5.6 

9.4 
55.7 
26.5 
24.2 


Planet's  apparent 


18  0 
17  58 
17  57 
17  52 
17  51 
17  50 
17  45 
17  36 
17  33 
17  32 
17  24 
17  24 
17  24 
17  23 
17  22 
17  23 
17  23 
17  24 
17  26 
17  27 
17  28 
17  30 
17  34 
17  34 
17  41 
17  41 
17  42 
17  43 


2.20 
6.91 
28.73 
19.69 
29.23 
44.44 
39.90 
26.91 
23.58 
42.71 
54.83 
32.29 
13.55 
14.09 
42.78 
1.22 
35.34 
8.32 
4.20 
36.83 
10.15 
5.77 
40.59 
41.28 
17.50 
18.59 
22.50 
24.83 


+  1 
+  1 
+  1 
+  0 
+  0 
+  0 

-  0 

-  1 

2 

_  2 

-  6 

-  (i 

-  6 

-  7 

-  8 
-10 
-10 
-11 
-12 
-13 
-13 
-14 
-15 
-15 
-16 
-16 
-17 
-17 


29  28.4 
22  5.1 
19  11.1 

48  52.0 
42  58.2 
37  19.7 

<i  7.7 
51  48.3 
42  34.5 
54  23.6 

7  22.5 
22  48.2 
36  55.6 
36  14.6 
51  15.8 

5  57.3 

49  33.2 
18  53.1 
59  9.7 


13 
26 

7 
25 
25 
50 
50  25.0 

2  14.1 
13  16.4 


1.6 
18.7 
42.4 
15.6 
2(1.7 
15.4 


log  i>s 

for  a   I  for  8 


M9.500 

H9.252 

«9.446 

«9.483 

j(9.2(iO 

H9.527 

«9.239 

«8.685 

n7.993 

M9.175 

8.127 

9.211 

8.775 

8.497 

8.991 

9.185 

8.705 

8.943 

9.330 

9.325 

9.063 

9.399 

9. 187 

9.2S7 

9.US0 

9.21(1 

9.311 

9.048 


0.766 
0.745 
0.765 
0.771 
0.770 
0.775 
0.775 
0.790 
0.796 
0.796 
0.821 
0.819 
0.813 
0.830 
0.836 
0.841 
0.848 
0.849 
0.850 
0.852 
0.861 
0.851 
0.878 
0.864 
0.877 
0.873 
0.869 
0.875 


Mean  Places  for  1S95.0  of  Comjmrison- Stars. 


1 

o 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 


18 
18 
18 
18 
18 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 


6 

6 

6 

4 

1 

0 

0 

56 

50 

47 

38 

31 

24 

20 

20 

19 

23 

25 

26 

25 

26 

31 

31 

31 

38 

42 

44 


21.47 
9.68 
4.18 
18.58- 
18.09 
54.22 
10.49 
25.57 
57.38 
28.95 
33.69 
50.81 
55.63 
20.81 
17.68 
42.34 
29.41 
27.93 
57.90 
33.53 
54.81 
11.98 
34.41 
34.71 
14.57 
20.57 
50.41 


Ked.  to 
app.  place 


Red.  to 
app.  place 


+  2.04 
+  2.14 
+  2.14 
+  2.17 
+  2.51 
+  2.54 
+  2.69 
+  2.75 
+  2.92 
+  2.99 
+3.13 
+  3.15 
+  3.20 
+  3.20 
+3.22 
+  3.19 
+3.21 
+  3.22 
+  3.22 
+  3.17 
+  3.16 
+  3.17 
+  3.11 
+  3.09 
+  3.10 
+  3.12 
+  3.13 


+    0 

+  1 
+  1 
+  1 
+  1 

+  1 


+ 
+ 


+   0 

-  0 

-  1 
_   2 

-  6 

-  6 

-  7 

-  8 

-  9 
-10 
-11 
-12 
-13 
-14 
-15 
-15 
-16 
-10 
-17 


47 

20.0 

5 

44.9 

7 

27.4 

6 

46.3 

34 

3S.4 

34 

27.3 

24 

42.6 

18 

28.3 

41 

10.7 

0 

45.4 

45 

32.3 

48 

42.9 

0 

7.6 

29 

15.5 

39 

33.4 

44 

0.9 

54 

19.6 

53 

20.2 

10 

47.1 

55 

43.6 

24 

18.5 

14 

5.1 

19 

55.9 

30 

23.7 

48 

57.18 

47 

21.0 

13 

32.2 

-15.1 
-14.7 
-14.7 
-14.3 
-12.7 
-12.5 
-11.7 
-11.4 
-10.2 

-  9.5 

-  8  6 

-  8.5 

-  8.0 

-  8.2 

-  8.3 

-  8.3 

-  8.1 

-  8.2 

-  8.3 

-  8.4 

-  8.4 

-  8.4 

-  8.5 

-  8.6 

-  8.8 

-  8.3 

-  8.4 


Aiithoritv" 


Prof.  Boss,  2  observations 
Boss,  Albany  Astr.  Ges.  Cat;d.  6135 
"  «  "        "         "      6134 

((  i:  it  a  II        G115 

"  "  "        "         "      6086 

"  "  "        "         "      0083 

"  '•'  "        "         "      6073 

F.68  Onhiurhi 

Brussels,  Glasgow  I,  Greenwich  ISSO 

Stone,  Copeland  aiul  Borgen 

Armagh  II,  Stone 

Anuagh  II,  Karlsruhe,  Stone 

Yarnall,  Munich  I 

Stone.  Vienna  A.G. 

Vienna  A.G. 

Gould,  Gen.  Catal,  Stone,  Vienna  Astr.  Ges. 

Brussels,  Romberg,  Stone 

Stone,  ]5russels 

Weisse-Bessel 

Munich  I,  Munich  II 

Stone  4564 

Brussels  7065 

^  Sei'jientis,  Berlin  Jahrhuch 

Gould  G.C.,  Stone,  Greenwich 

Stone  4617 

Argelander,  Bonn  VI 

Yarnall,  Stone  4646 
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OBSERVATION'S   OF  ]VimOR   PLANET  (34G), 

.      MADE    .\1-   THE    DUDLEY    OHSEli VATOKY,    AI.IiANY, 

By  ARTHUH  J.  ROY. 


1895  Albany  M.T. 

* 

No. 

Planet 

-* 

Planet's 

apparent 

log 

,)A 

Conip. 

Ja 

.18 

a 

8 

for  a 

for  S 

ll          lU          S 

in       s 

1         II 

ll          111         s 

O              '              II 

April 

21 

11  31  54 

43 

10 

-0 

3.32 

—    6  53.6 

15  55  51.49 

-11  45  24.7 

M9.416 

0.840 

23 

12  33  57 

43 

7 

-1 

21.86 

-   3     7.2 

54  32.98 

-11  41  38.2 

719.141 

0.851 

28 

10  48  10 

44 

6 

+  3 

49.08 

-    1   11.1 

51     5.66 

-11  32  39.2 

«9.445 

0.836 

May 

1 

14  19  39 

44 

8 

+  1 

24.68 

+   4  23.3 

48  41.33 

-11  27     4.9 

9.129 

0.S50 

18 

11     5  30 

45 

S 

2 

0.89 

-   4     6.8 

34  16.20 

-11     2  27.0 

«S.911 

0.850 

22 

11  37  33 

46 

6 

+  0 

39.1 0 

+   1  24.0 

30  43.37 

-10  58  44.8 

S.2;!9 

0.S51 

23 

11  32  16 

46 

10 

-0 

12.98 

+   2     9.6 

29  51.30 

-10  57  59.1 

8.2  k; 

0.851 

24 

10  58  22 

47 

6 

+  3 

3.60 

-   3  5S.0 

29     0.49 

-10  57  21.3 

-«8.601 

0.851 

29 

11  56  34 

47 

5 

-1 

11.01 

-   1  42.6 

24  45.33 

-10  55     5.9 

9.070 

0.84S 

June 

17 

9  44  59 

48 

7 

+  2 

8.20 

-  3     5.3 

11  51.61 

-11     6  46.3 

8.528 

0.852 

18 

9  56  23 

48 

6 

+  1 

37.80 

-   4  38.9 

11  21.21 

-11     8  19.9 

8.S07 

0.S51 

July 

11 

9  48  33 

49 

5 

-1 

1.49 

-10  19.0 

5  57.10 

-12  10     3.3 

9.352 

o.sk; 

IS 

9  27  12 

50 

10 

+  1 

10.88 

+   2     5.4 

6  40.91 

-12  37  31.9 

9.370 

0.S47 

19 

9  21  32 

50 

8 

+  1 

22.37 

-   2     7.7 

()  52.40 

-12  41  45.0 

9.364 

0.848 

Aug. 

13 

8  43  47 

51 

10 

+  1 

0.71 

+   0  37.9 

IS  13.33 

-14  45     9.8 

9.491 

0.843 

14 

S  54  32 

51 

10 

+  1 

42.70 

-   4  52.3 

15  18  55.31 

-14  50  40.0 

9.518 

0.839 

Mean  Place?!  for  189~>.0  of  Comparison- Stars. 


* 

a 

Kt'il.  to 
app.  place 

§ 

Keil.  to 
app.  place 

Authority 

h       m       3 

3 

0             /          // 

If 

43 

15  55  52.55 

(  +2.26 
1  +2.29 

-11  3S  14.4 

\  -16.7 
"(  -16.6 

Albany,  3  observations 

44 

47  14.18 

\  +2.40 
1  +2.47 

-11  31  11.4 

(  -16.7 
1  -16.8 

Albany,  1  observation 

45 

36  14.41 

-f  2.68 

-10  58     3.4 

-16.8 

Albany,  2  observations 

46 

30     1.58 

+  2.70 

-10  59  52.1 

-16.7 

Albany,  2  observations 

47 

25  54.18 

+  2.76 

-10  53     6.6 

-16.7 

Albany,  1  observation 

48 

9  40.68 

+  2.73 

-11     3  24.7 

-16.3 

Albany,  2  observations 

49 

6  55.96 

+  2.63 

-11   59  27.9 

-15.8 

Albanj',  2  observations 

50 

5  27.47 

+  2.56 

-12  .SO  21.7 

-15.6 

Gould,  G.C.  20590  ;  Stone  3917 

51 

15  17  10.27 

+  2.35 

-14  45  32.7 

-15.0 

Greenwich  1880,  etc.  (F,30  Librae) 

Star  .51,  adopted  p.m.     — 0^0025,  +0'.01.3.         Comparisons  of  June  17  and  18  were  made  by  Mr.  .J.  H.  Ogburn. 


DETERMINATION   OF   THE   EFFECT 

By  E.  H. 

A  preliminary  determination  of  the  variation  in  the 
chrouographie  record  of  transit,  depending  upon  the  bright- 
ness of  the  star,  has  been  made  by  the  use  of  a  screen 
held  in  front  of  the  object-glass.  The  screen  is  composed 
of  four  thicknesses  of  wire  netting,  and  reduces  the  bright- 
ness of  a  star  by  4.1  magnitudes,  as  determined  by  the 
estimated  reduced  magnitude,  compared  with  that  of  the 
catalogue. 

Twenty-two  stars  have  been  itsed,  one-half  of  the  list 
being  screened  on  one  night,  and  the  remaining  half  on  the 
succeeding  night;  alternate  stars  being  observed  in  full 
and  reduced  brightness. 

The  clock-correction  being  determined  from  each  set  of 
eleven  stars,  the  comparison  of  the  differences  between  the 
two  sets,  upon  two  nights,  gives  a  determination  of  the 
effect  of  magnitude,  which  will  be  independent  of  the  sys- 

Lick  Observatory . 


OF   MAGNITUDE   UPON   TRANSITS, 

TUCKER. 

tematic  difference  between  the  right-ascensions  of  the  two 
sets.  The  whole  list  has  also  been  observed  in  full  bright- 
ness, to  furnish  a  further  check  upon  this  systematic  differ- 
ence. The  bisection  in  zeiuth-distance  has  always  been 
made,  in  order  that  the  observation  should  in  all  respect- 
be  similar  to  the  usual  one. 

Miss  Jane  Tuckeb  has  given  volunteer  assistance  in 
screening  the  stars. 

The  effect  upon  the  observed  right-ascensions  of  the 
screen-reduction  of  4.1  magnitudes  is  found  to  be  +0''.037  : 
that  is,  faint  stars  are  observed  too  late. 

The  probable  error  of  a  determination  from  one  star, 
upon  two  nights,  is  ±0".021. 

Thus,  the  correction  to  observed  right-ascensions  would 
be  — 0'.009  for  eacli  magnitude;  with  a  probable  error  of 
±0^001. 
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RELATIVE   POSITIONS   OF   DIOXE  AXD 


OBSEBVEP    WITH    TlIK    •_'0-IXllI    IIKKI!  Al  •nil!    OK 


TIIK    l.KAXDKi;    .M'"CORMIfK    OHSEUV ATOIl V 

uy  okmoxd  stone. 
The  angles  here  given  are  each  the  mean  of  two  coiupari-       1894-95 
sons;  the  distances  were  obtained  from  measures  of  double      -^^.^^ 
distances.     Corrections  have  been  applied  for  refraction. 


HUE  A, 

••   THE    I'XIVKKSITY    OK    VII{(;IXIA, 


Apr. 


189-1 
Mar.  14 


21 

23 

26 

27 

2 

6 
8 
14 
16 
22 
24 
27 
28 

29 
30 


Eastern  Time 
li       m      8 

13  38  2 
13  43 

ir.  "" 


00 

oO 


11 
12 
12 
11 
10 
11 
9 


r.4 

25 


4.") 

5 

29 


26  39 
6  o 


47 
19 


10  4.-. 

10  27 

11  10 
13  14 


18 

o 

19 

44 

6 

8 


15 
13 


24 
1 


11 
11 


24  32 
38  2 
8  38  35 
8  55   53 

8  51  18 

9  5  58 
9  9  1^ 

14  8  20 

14  26  50 

15  0  32 
15  18  49 
13  5  51 
13  21  27 


320.99 

322.42 

53.99 


lM(i.95 

202.  (;9 

62.94 

245.85 

269.75 

75. (>5 

78.63 

80.03 

260.03 

261. Ill 

24. .-..-i 

87.90 

269.14 

350.59 

354.39 

272.11 

272.26 

64.97 

65.65 

65..S4 

93.17 

93.37 

93.95 

93.72 

94.17 

94.65 


Eastern  Time 

ll     III     K 


16 
16 
16 
If; 


15 
2n 
24 
31 


IS 
52 
24 


12  19 
12  25 
12  32  29 

1(1  25  44 

9  35  3 

11   3  17 
1(1  4  7  32 


13  36  kS 

14  8  53 

15  45  37 
15  48  14 
13  46  13 
13  47  44 
11  30  34 
11  31  54 

8  46  5 
8  48  0 

8  58  50 

9  0  6 


19 
58 
18 


14  i; 

14  18 

15  10 
15  12  22 
13  13  25 
13  15  28 


15.96 
1  ('1.(12 
IC.dl'i 
l(i.41 
30.21 
29.91 
64.86 

81.87 

107.06 

112.67 

38.84 

22.26 
23.89 
49.94 
49.98 
31.14 
31.49 
20.43 
20.79 
122.57 
121.89 
44.73 
45.00 

26.19 
2().16 
25.72 
25.39 
44.55 
44.59 


June 


1 
3 
8 
20 
3 

4 
13 
15 


1895 
Apr.  5 


11 
13 

May  IS 


June 


8 

8 

8 

9 

9 

10 

10 

11 

9 

9 

9 

9 

9 

9 


Eastern  Time 

ll     III    8 

2.S  1 
42  53 

47  0 
0  35 

49  32 

7  55 

42  10 

0  k; 

31  25 
41  38 
44  35 
29  12 

48  23 
9  3 

9  24  54 
10  12  34 
10  42  4 


12  29  48 
12  35  28 

12  59  8 

13  3  5(; 
15  20  56 
15  40  IS 
15  45  6 
13  28 

13  59 

14  26 

15  26 


i 
17 

3(; 


10  7 
10  33 


28 
5 


11  38  13 

11  42  41 

12  9  35 
12  14  7 

11  41  45 

12  21  45 


P 

204.15 

207.67 

65.43 

66.25 

68.08 

69.42 

291.42 

291.34 

2.1S 

0.95 

0.59 

49.22 

51.43 

75.71 

75.95 

262.27 

262.86 

229.74 
231.22 
232.09 
23(1.93 
238.71 
239.27 
238.83 
7C.11 
70.42 
101.97 
1 03.64 

56.43 
58.50 

82.63 
82.80 
83.34 
83.32 
145.42 
152.80 


Eastern  Time 

)l         III         8 

8  35  24 
8  37  31 
8  52  37 

8  54     5 

9  59  9 
10  1  52 
10  48  54 
10  53  54 

9  36  17 
9  38     9 

9  35  48 
9  45  30 
9  15  53 
9  18  13 
10  33  21 
10  35  37 


12  11  11 

12  45  26 

12  49  2S 

12  52  IS 


13  39  34 
13  44  30 
15  14  7 
15  15  ;!7 
15  17 
10  13 
10  16 

10  25  56 

11  53  33 
11  55  13 

11  58  44 

12  0  10 


17 

0 

51 


21.(;9 
21. S9 
70.27 
70.53 
52.77 
52.85 
12.59 
12.5() 
5.36 
5.41 

17.10 
17.53 
91.12 
91.42 
99.67 
99.31 

i(;.22 
i(;.34 
16.4(; 

16.60 


26.74 
26.66 
77.(10 
76.48 
76.65 
47.46 
48.05 
49.22 
70.57 
70.34 
70.35 
70.50 


NOTICE. 
A  few  copies  of  the  Astronotnlsche  Xnr/in'r/iffn,  vols.  100  to  141,  inclusive,  may  be  obtained  for  !?75.0(f  the  set, 
on  application  to  the  Editor  of  this  Journal,  at  Cambridge.     The  regular  price  is  very  much  higher. 
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THE   SECULAR   PERTURB ATTONS   OF   MERCURY 

THE  ACTION    OF    MARS, 

Bv  EKIC  DooLITTLE. 


ARISWCr   FROM 


The  following  coiii]nitation  lia.s  been  made  accoriliiig  to 
Dr.  Ci.  W.  Hill's  first  luoditicatiou  of  G.\ijss'.s  method, 
which  lui.s  been  descril)ed  in  the  artiele  on  the  Secular  Per- 
turbations of  Jffeiriiri/  Arising  from  the  Action  of  the  Earth 
(Astronmii irii/  Ji>iirmil,  no.  .'>7()). 

The  elements  which  were  adopted  are  from  Dr.  Hill's 
"New  Theory  of  Jii/jifer  atiil  Safiini.'^ 

Mercury.  Mars. 


TT 

=   75     7  13.(i2 

n'  =  333  17  51.74 

/ 

=     70     7.71 

(■'  =       1  51     2.24 

Q^ 

=  46  33     8.03 

S2'  =     48  23  54.59 

e 

=  O.L'0")()0476 

e'  =  0.09326803 

n 

=  r.38ioi(i".2(;o 

M'  =   689050".  784 

OK" 

=   9.5878217 

\og«'  =   0.1828971 

hi 

—     ?r.(TtST5.?)(T(T 

'"       =     3,053,3  0"(S 

Epoch,  1850.0  Greenwich  Mean  Time. 

The  following  are  the  values  of  tlie  preliminary  constants  : 

/  =        5°    9  lo!l8  log  /,•   =  9.9983990 

,r  =   209  13  54.31  log  /.'  =  9.9998432 

tt'  =   107  24  19.30  r  =  0.02019574 

K  =   101   45  36.16  logf-  =  8..3052598 

K'=   101  53  33.05 

The  circumference  of  Mvrrurij^s  orbit  was  at  first  divided 
into  twelve  parts  with  regard  to  the  eccentric  anomaly. 
The  tests  furnished  by  comparing  the  sums  of  the  func- 
tions corresponding  to  the  odd  and  even  points  of  division 
were  not  satisfied;  the  sums  for  e  differing  by  40'  42".47, 
and  for  6  by  1°  38'  46".90.  Dr.  Hill  kindly  verified  the 
values  of  e,  and  suggested  that  the  number  of  points  of 
division  l)e  increased  to  twenty-four.  This  diminished  the 
disagreonent  about  three-fourths  in  the  first  part  of  the 
computation,  while  with  log  P,  log  (,>,  log  V  and  the 
remaining  functions,  tlie  test  was  satisfied  very  exactly. 

The  first  part  of  the  work  was  verified  by  the  following 
equations : 

Z{A)  =  (in-  +  3»V-  +  6 [^/'-- 2 /.■««'«'(>' cos  K'\  ; 

2"  (/i  cost)   =   6[it'-e'  —  kaa'e(sosK]; 

Ji"(7>siu£)    =    —  6  [A:V(«'cos(/V  sin  ii"']  ; 

Q  +  a'  -  <i"   =   A  -  C      ;      G(i'(i"   =   <j 


The  computation  was  carried  twice  through  from  the  be- 
gining  at  different  times  as  a  further  check. 

The  following  values  were  obtained  for  the  differential 
coefficients  : 


If 

dx 

(It 

di 

df 

dSl' 


dir' 
dt 

dL 
dt 


1879.077 »«/ 


=    +   76914".75 


=    _    .   934".067 


=    -   59594^.26 


=    +   76470" 


-101879".0 


log  coert". 

3.273  9445  « 
[3.273  9446  »] 

4.886  0096y> 
[4.8860096//] 

2.970  3779  w 
[2.970  3782  •«] 

4.775  2044  w 
[4.7752043  w] 

4.883  4926y- 
[4.8834926/-] 

5.008  0846  V 
[5.008  0846  w] 


The  (juantities  in  brackets  are  the  logarithms  which  were 
obtained  wlien  the  orbit  was  divided  into  twelve  parts.  It 
is  thus  evident  that  the  want  of  agreement  in  e  is  of  no 
consequence. 

Adopting  the  above  value  of  w',  we  have  the  following 
results : 


dc 
dt 

ix 

dt 
d! 
dt 

djl 

dt 

dn 
dt 
dL' 
di 


=  -0.000  607428 

=  +0.024  863343 

=  -0.000  301945 

=  -0.019  264347 

=  -t- 0.024  719659 

=  -0.032933242 
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The  values  of  these  coefficients,  deiivod  from  sliglitly 
different  elements,  were  stated  by  LkVkkkiku  {AiiiihUs  de 
rOhxi'i-i-atoire  de  Paris,  Me  moires,  Tome  V,  {>])  (5,  7,  21). 
Adopting  LeVekriek's  mass  of  Murs,  the  followin;.;  is  a 
comparison  of  tlie  results  obtained  by  the  two  methods  : 

Methoil  of  Gaiss.     Mctlioil  of  LkVeuhikk. 
_(UU)l»(;2 


\  —  '\     =    -O.(t00()27 
University  of  Chicu'io.  1S9C  Jiiiie27. 


Metlioil  of  Gaiss.     Mi'tlioil  of  LnVKiiiMKit. 


di 
It 

<fQ, 
dt 

djr_ 
dt 

dL 

IF 


=  _().0()();n2 

=  -0.019898 

=  +0.025034 

=  __0.O;i4O17 


—  O.OOU.Sl 

-0.01 '.)s;i 
+  0.02o5 

—  ().o;!4  1 


J)IS(()Kl).VN('i:s    IN     1)".V( 

(Communication  fidi 

In  the  published  Reduction  of  k'Agelkt's  observations; 
nmde  at  the  Military  School  of  Taris,  in  the  years  1783- 
1785,  the  resultant  Catalogue  contains  (i4;)7  determinations 
of  positions  for  2907  stars.  Upon  page  32  is  given  a  list 
of  Ki  stars  which  I  luul  not  .succeeded  in  identifying  satis- 
factorily, or  for  which  the  discordances  apjiearcd  too  large 
to  be  easily  disposed  of  by  any  conjecture  similar  to  those 
which  had  been  abundantly  made  throughout  the  work. 

One  of  these  (no.  3174)  was  disposed  of,  nevertheli'ss,  in 
the  Corrigenda  giv^n  upon  the  last  page  of  the  memoir. 
But  to  the  list  another  star  (nos.  5057-59)  was  subsequently 
added  which,  owing  to  the  existence  of  accordant  obser- 
vations on  three  nights,  had  not  ajipeared  suspicious,  yet 
was  found  not  to  exist  in  the  sky  when  opportunity  for 
verification  was  subsequently  obtained. 

In  no.  1G45  of  the  Astronomische  Nachriehten  (vol.  69, 
p.  201 ),  is  a  list  of  eleven  of  these  supposed  stars,  sent  me 
by  Prof.  SciioxFELD,  who,  with  his  characteristic  thorough- 
ness and  skill,  had  discovered  the  explanation  of  the  erro- 
neous record.  The  catalogue-places  deduced  by  means  of 
the  corresponding  corrections  are  there  given.  The  stars 
nos.  1615  and  4604  were  jnoreover  found  to  have  been  ob- 
served by  Bessel  and  in  Ar(;elaxder's  Diirrhnmstrning 
respectively. 


In  December  last,  Mr.  Gaillot  of  the  Paris  Observatory 
kindly  sent  me  the  probable  explanation  of  many  of  these 
cases.  But  having  seen,  soon  afterwards,  the  results  of 
Schosfeld's  investigation,  just  cited  and  with  which  his 
own  are  in  perfect  accord,  he  found  anotlier  observation  to 
be  capable  of  explanation  ;  namely,  no.  1893. 

Mr.  Gaillot  writes,  after  study  of  the  originals  preserved 
in  the  archives  at  Paris,  denoting  by  A  the  reading  from 
the  graduation  of  the  quadrant  into  90°,  and  by  li  that 
from  the  system  of  96  divisions  (see  "  Reduction,"  pp.  5, 6). 
He  says  of  the  observation  of  this  star,  1783  Feb.  26: 

"On  the  record:  original  zenith-distance  A  =  26°  41 '  26". 
The   degrees   have   been   corrected,   and    24°  substituted. 


ELE  r  S   ( )BSERVAT1()NS. 

II  Jlr.  A.  (4.\ii,i.oT.) 

Zenith-distance  B  =  24°  13' 9"-l.  This  latter  is  identi- 
cally the  same  as  that  written  in  tlie  record  of  the  jireced- 
ing  observation. 

'•  In  the  Jfistoire  Celeste,  the  reading  li  was  suppressed 
for  the  tirst  star,  and  the  reading  A  for  the  .second.  The 
reading  /.'  ought  also  to  liave  been  suppressed  for  tlie  second, 
and  the  uncorrected  reading  A  to  have  been  printed  in  its 
place.     The  star  observed  is  20  Lennis. 

"I  have  carefully  examined  the  observations  corres]iond- 
iug  to  nos.  5593,  5594  and  6052. 

"  For  5593,  this  is  what  I  have  found.  D'A<;elkt  did 
not  observe  any  right-ascension;  he  simply  recorded  '6 
mag.  at  22i','  and  the  proof  that  this  was  not  the  observa- 
tion of  the  transit  across  a  thread  is  that  i>'x\gelet,  who 
alwaj's  supplies  the  place  of  a  missing  thread  b}'  a  dash  (— ) 
put  nothing  here.  In  the  memoir  of  the  Academy,  22"'  30' 
was  printed  for  the  middle  thread,  which  1  consider  as  en- 
tirely arbitrary.  In  my  belief,  the  star  is  certainly  31 
Vulpenilae,  the  right-ascension  of  whicli  differs  but  little 
from  the  mean  of  the  right-ascensions  of  the  iireceding  and 
following  star,  while  there  are  only  52'  between  the  last 
thread  of  the  former  (<o  Caprworni)  and  the  recorded  middle 
thread  of  the  observation  in  question,  witli  a  difference  of 
nearly  60°  in  the  zenith-distance. 

"Xo.  5594  ought,  I  think,  to  be  suppressed,  purely  and 
simply.  It  corresponds  to  one  of  the  latest  observations 
of  a  short  series  which  n' Aoelkt  ends  by  writing  the  note : 
'Belle  ntiit,fai  en  des  Jlii.rions'/iii  m'oiit  emj/i-rhe  il'olisenter.' 
It  should  be  added  that,  as  you  have  remarked,  the  threads 
are  not  accordant,  and  that  tlie  minute  for  the  tirst  lias 
been  corrected. 

"  Regarding  no.  6052  I  have  found  nothing  particular. 
The  observation  does  not  ajipear  to  me  to  be  affected  liy 
any  error.     Is  it  a  planet  or  a  variable  ? 

"  The  three  observations  of  no.  5057-59  are  still  more 
assuredly  very  exact.  On  each  of  the  dates  d'Agelet  ob- 
served the  transit  on  all  three  threads,  and  the  zenith- 
distance  on  both  divisions  of  the  quadrant.     It  is  certainly 
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a    now    star, 
tiblc." 


tlip    light    (if   which    li.is    hocoiue    impercep- 


Tholistof  uurucd.i^nizfd  stnirs  in  ii'A(::';i.k'I''s  observations 
is  thus  exhausted;  and  only  two  of  tln-in  remain  so  euig- 
niaiie  as  to  demand  I'uturu  research.    /I'hese  are 


8 1800 


Date  of  obs. 


Nos.      Mag.         u  1800 

r,i)r>7-m    (>       19  2;U7'.G    +1719'42!'s    1783  July  26, 27, 29 

(;052  7-8    22    !l    8.5    +2,5  21  nr.;!    1783  Sept.  15 

It    is    needless    to    say  that   botli    (jI    thein    have    been 
repeatedly  looked  for  in  the  sky  without  success. 


OHSKin  ATIONS   OF   SUSPECTED   VARIABLES, 

By  ,J.   a.  PAUKIIURST. 


Espiii  83-2.  U.A.  =  C'  l(i"'.8  ,  Dcol.  =  +58°  30',  1900. 
The  place  of  this  suspect,  as  given  in  A.N.  No.  3232,  was 
examined  on  the  following  dates  :  1894  Dec.  14,  20  ;  1895 
Jan.  1,  24,  Feb.  19.  March  18,  May  26,  July  24,  Sept.  30, 
Dee.  25;  1896  June  10.  A  12". 5  star  was  found  near  the 
indicated  place,  but  no  change  was  noticed  in  it  or  the 
neighboring  11"  and  12"  stars. 

(1804),  DM.3°7(;4.  R.A.  =  4'' 58'"  14'.9  ,  Decl.  = +3°  50'.3,  1855. 
The  variability  of  this  comparison-star  for  1805  V  Orion  in 
was  suspected  by  Yexdkll  (J. ,7. 367).  I  have  used  it  as  a 
comparison-star  on  22  dates,  between  1894  Feb.  19  and 
1896  April  3,  without  noticing  any  considerable  fluctuation. 
My  estimation  of  its  magnitude  from  all  comparisons  is 
10". 2,  with  an  extreme  range  from  9". 7  (poor  seeing)  to 
10«.3. 

(1078),   DM.  59"'594.     R.A.  =  2''  59'".7     ,     Decl.  =  +60°  6',     1900. 

The  variability   of    this    star  was    suspected    by  Espin 

(A.N.  3232;,  it  being  found  by  him  8". 6  1893  Dec.  1,  while 

the  DM.  magnitude  is  9.5.     I  have  13  observations  between 

Marengo,  III.,  1896  Juhj  20. 


1894  Dec.  14  and  1896  .lune  30.  The  extreme  magnitudes 
found  were  8".3  and  8". 8,  the  last-named  magnitude  being 
found  only  once,  on  the  last  date,  in  poof  seeing.  No  proof 
of  variability  can  be  deduced  from  these  observations. 

Espin-Birui.735,  DM.  54°2863. 
R.A.  =  22"  43'".0     ,     Decl.  =  +54°  38',     1900. 

This  star  has  been  watched  since  1894  Dec.  14.  It  was 
then  7". 8.  It  fell  slowly  and  irregularly  to  a  minimum, 
8". 6,  about  1895  Sept.  1..  It  was  7". 5  at  the  last  observa- 
tion, 1896  July  11.  I  have  17  observations  between  the 
above  dates,  not  enough  to  determine  the  character  of  the 
light-curve.  The  magnitudes  are  based  upon  Eogees's 
values,  in  the  A.ifi:  Ocs.  Catal.,  of  the  following  compari- 
son-stars : 


.  54°2867 

7.2 

53''2987 

7.5 

54°2854 

8.8 

54°2865 

8.9 

54°2864 

9.0 

THE    ELBIIXATION    OF 


Recently  there  have  been  two  references  to  the  influence 
of  relative  position  upon  the  a])parent  magnitudes  of  two 
or  more  stars. 

Prof.  Barnard,  in  A.J.  no.  370,  deals  with  the  apparent 
variation  in  the  light  of  the  satellites  Oberon  and  Titania, 
renuxrking  (p.  75),  "  It  would  appear  that  the  apparent  vari- 
ation of  light  is  probably  due  to  a  jihysiological  effect,  and 
that  the  eye  has  a  tendency  to  make  the  lower  of  two 
equal  lights  appear  the  brighter  by  about  i  magnitude." 

Dr.  CH.A.NDLER,  in  A.J.  no.  374  (p.  107),  points  out  that 
the  "  STOtematic  effect  arising  from  unequal  sensitiveness 
of  different  portions  of  the  retina,  dependent  on  varying 
positions  of  the  variable,  relative  to  its  comparison-stars,  in 
different  hour-angles,"  influences  the  times  of  minimum 
phase  of  J'  Pe'jasi  to  au  appreciable  and  easily  measurable 
extent. 


POSITION^-EKKOK    IN    THE    OBSEKVATION    OF 
YAKIABLE-STAKS, 

Bv    ALEXANDER    W.     ROBERTS. 

There  is,  perhaps,  no  careful  observer  but  is  fully  cog- 
nizant of  the  influence  of  this  tendency  ;  and  each  ob.server, 
no  doubt,  adopts  some  precaution  to  guard  against  his  re- 
sults being  vitiated  by  it.  A  natural  precaution  would  be 
to  observe,  when  possible,  the  same  stars  at  the  same  hour- 
angle.  This  is  not,  however,  always  practicable.  Dr. 
Chandler  urges  that  the  observer's  head  should  be  kept  in 
the  same  relative  position  with  reference  to  the  comparison- 
stars.     This  method  also  is  not  always  possible. 

I  mention  again,  to  bring  before  variable-star  observers, 
a  method  of  observation  that  I  have  found  of  service  in 
dealing  with  the  difficulty.  All  stars  fainter  than  5"  I  ob- 
serve twice ;  first,  with  a  direct-vision  eye-piece,  then  im- 
mediately after  with  an  ordinary  astronomical  reversing 
eye-piece.  Both  observations  are  inserted  side  by  side  in 
the  observing  book ;  the  mean  of  both  is  the  observation 
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entered  in  tlie  ledger.  There  is,  no  doubt,  double  labor  in 
sucli  a  method ;  but  the  need  of  taking  precautions  con- 
cerning position  of  tlie  lieud.  or  position  of  the  comparison- 
stars,  is  done  away  with.  And  yet  there  is  care  needed,  for 
as  a  rule  the  direct-vision  eye-piece  is  considerably  longer 
than  the  reversing  eye-piece,  and  so  if  the  telescoitc  be  not 
heightened  proportionately  eai'h  time  the  longer  eye-piece 
is  used,  there  is  danger  of  the  position  of  the  head  being 
different  at  the  two  observations,  and  thus  error  of  a  syste- 
matic nature  will  soon  make  itself  evident. 

There  is  another  advantage  in  this  method.  The  double 
observation  to  some  e.xtent  prevents  bias,  as  the  observer 
forgets  the  previous  observation  when  he  is  taking  one 
(juite  different.  In  my  own  experience  1  fi)\nul  that,  after 
the  intnidiiction  of  double  observations,  the  mean  error 
fell  from  O".!!'  and  O".!;?  to  about  0».0r>. 

A  still  more  accurate  method  of  eliminating  the  position- 
error  would  be  to  have  a  ]irism  mounted  behind  the  eye- 
piece, so  that  the  varial)le  and  its  comparison-stars  could  be 


rotated  90°  at  each  observation.  There  would  be  thus  four 
observations  instead  of  two;  the  mean  of  the  four  observa- 
tions being  recorded  in  the  ledger  as  tlic  magnitudes  of  the 
variable  and  its  comparison-stars. 

I  am  certain  that  when  tlie  magnitudes  thus  obtained 
were  reduced  to  standard  values,  it  would  be  found  that 
the  mean  error  of  an  observation  —  using  the  word  obser- 
vation here  to  designate  the  mean  of  tlie  four  —  would  not 
be  greater  than  (V'.O.S. 

1  trust  shortly  to  introduce  tliis  method  into  the  variable 
star  work  here. 

This  is  not  the  place  nor  the  time  to  deal  with  the 
amount,  nature,  and  cause  of  tliis  variation.  At  present  it 
will  suffice  to  state  that  if  the  differences  between  the 
direct  observations  and  the  reverse  observations  of  the 
same  star  be  tabulateil,  the  .systematic  differences  will  be 
fairlv  well  represented  by  an  expression  of  tlie  form, 

III  cos(0  — .1/^  +  II  cos(20  — .V). 


M.\XIM.\    .\M)    MIXmA    OF 

Hv  .1.  A.  1' 
1.174.  ir  T.niri 
.My  observations  began  ISD;')  Dec.  1.'?,  when  the  star  was 
12".  It  rose  slowly  to  9"."-'  at  the  last  comparison.  1>S;)() 
April  21.  These  observations,  13  in  number,  do  not  locate 
definitely  either  the  minimum  or  maximum,  but  the  proba- 
bility seems  to  be  that  the  minimum  occurred  in  December; 
and  as  the  i-ise  during  the  last  month  of  observation  was 
hardly  noticeable,  it  seems  that  the  maximum  was  passed 
in  April.  The  position  of  W  relative  to  6'  Tuuri  was 
measured  on  two  nights,  with  the  result 

h  III  S  O  I  IT 

R.A.  =  4  19  41.0     Decl.  =  +15  42  53,     1855 
4  22  14.7  +15  49  11,     1900 

1805.  V  Orion  U. 
This  star  could  not  be  seen  1895  Dec.  9,  the  limit  being 
12".  It  was  cauglit  1890  Jan.  (i,  and  followed  till  lost  in 
the  western  twilight,  being  last  seen  April  21.  The  rise 
was  rather  rapid  from  11". 6  at  the  first  observation,  to  9". 3 
March  11,  then  more  grailual  to  8". 8  when  last  seen.  It 
was  impossible,  on  account  of  the  unfavorable  position  of 
the  star,  to  tell  whether  the  maximum  was  then  past  or  not. 
I  have  13  observations  between  the  above-mentioned  dates. 

2100.      rr  Orion  is. 
From  13  observations,  between  1896  Jan.  6  and  April  30, 
I   find  a  maximum,  6". 25  March  26.     The   form    of  the 
light-curve  was  similar  to  those  of  the  last  two  maxima. 

2258.      V  Aurifjae. 

I  have  12  observations  of  this  star  between  1896  Jan.  6 

and  June  10.     It  fell  slowly  from  11  ".2  at  tlie  first  date, 

to  a  minimum,  11". 6,  Feb.  10,  then  rose  irregularly  to  10" 

at  the  last  comparison.     The  extreme  red  color  of  the  star 

yiarenoo.  III.,  1.S96  Julj/ 18. 


LOXr.-PKKTOn    V.\KI.\HLE.S, 

AKKnrCST. 

near  iiiiniinum  rendered  the  observations  somewhat  uncer- 
tain.    The  interval  since  my  last  observed  minimum  is  330 
1  days,  the  preceding  interval  having  been  335  days. 

3264.      W  Canri-i. 
This  star  decreased  from  9".9,    1896  April  3,  to  11».2 
May  9.     Besides  5  observations  for  magnitude  between  the 
above  dates,  I  measui-ed  its  position  relative  to  DM.  25°2059, 
with  the  following  results : 


K.A.  =91  23.9 
9  4     2.3 


Decl.  =  +25  50     9,     1855 
+  25  39  18,     1900 


6446.  T  l)v<iroiiU. 
This  star  has  been  followed  closely  since  the  last  mini- 
mum, 40  observations  being  made  between  1895  Aug.  8 
and  1896  July  6.  It  rose  quickly  from  minimum  to  10". 2, 
which  was  reached  about  Sept.  1 0.  During  the  rest  of 
September  and  October  it  rose  slowly  to  9". 7,  then  more 
quickly  to  8"  about  1896  Jan.  15.  From  this  time  till 
April  15  the  change  noticed  was  very  slight,  but  tlie  low 
altitude  of  the  star,  from  10°  to  15°,  made  the  estimates 
uncertain.  During  May  and  June  the  fall  was  quite  rapid, 
9". 5  being  reached  at  the  last  observation.  The  curve 
gives  a  maximum,  7". 95,  1896  March  6. 

8324.  V  Cassiojime. 
A  continuous  watch  is  being  kept  on  this  star,  14  obser- 
vations since  the  last  minimum  yielding  a  maximuiii,  7". 3, 
1896  June  5.  At  the  last  comparison,  July  IC),  it  had 
fallen  to  9".0.  This  maximum  gives  a  correction  to  the 
ephenieris  founded  on  my  elements  (.4. .7.  358)  of  —2  days. 
The  correction  from  Cha.ndlkk's  elements  (Third  Cata- 
logue) is  +4  days. 
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OBSERVATIONS   OF   COMET  c  1896  (1889  V), 

MADK    AT   THE    LICK    OliSEKVATOUY, 

By  WILLIAM   .1.  IIUSSEY. 


1896  Mt 

.  Hamilton  M.T. 

* 

No. 
Conip. 

-* 

z/8 

^'s  apparent 
a                        8 

log  pA 
for  a      1     for  S 

July 

a         ii     ]]>     s 
8     15     2     I 

1 

,no,  5 

111         S 

-0     2.10 

-3     5''2 

li        in       8 

22  36  40.56 

-18  12  13.5 

M8.813 

0.860 

9     14  10  50 

4 

,/12,    5 

+  0     2.60 

-1  31.8 

22  37     1.49 

-18  12     8.7 

'rt9.201 

0.85(; 

10     14  42  50 

2 

4 

.    .    . 

-3  47.5 

-18  12     6.7 

0.850 

15     5  44 

*> 

17 

-0  54.07 

. 

22  37  22.63 

7/0.1 90 

, 

11     12  47  43 

2 

(/10,11 

-0  37.;?7 

-3  46.7 

22  37  39.36 

-18  12     5.8 

M9.465 

0.83(; 

12     12  51  24 

o 

,1  9,10 

-0  20.45 

-4     1.1 

22  37  56.31 

-18  12  20.1 

W9.452 

0.837 

13     12  47  31 

'> 

5 

-4  14.3 

-18  12  3.3.3 

. 

0.837 

15     13  55  2(i 

5 

3 

-1     9.2 

-18  13  29.1 

0.856 

14  50  52 

5 

d  6 

-0     3.96 

22  .38  37.94 

/f  8.41 5 

K)     13  59  11 

5 

d.  5  ,    5 

+  0     5.91 

-1  44.7 

22  38  47.83 

-18  14     4.5 

«9.107 

0.857 

17     14  29  20 

5 

d  5  ,    5 

+  0  14.52 

-2  26.2 

22  .38  .■■)6.46 

-18  14  45.9 

JiS.liOO 

0.862 

Mean  Pla 

ces  for  1896.0  of  Comparison- Stars. 

* 

a 

Kt'd.  to 
app.  place 

8     • 

Red.  to 
app.  place 

Autliority 

1 

1i       in       3 

22  3G  39.34 

+  3!32 

O            1             II 

-18     9  26.8 

+  18.5 

12"±.     Coimected  with  *2 

'> 

22  38  13.31 

_ 

-18     8  38.0 

. 

S.DM.  -18°616S.     Connected  with  *3 

3 

22  38  17.33 

+  3.36 

_ 

-18     3  55.5 

+  18.6 

Weisse's  Argelander  17560 

4 

22  36  55.53 

+  3.36 

_ 

-18  10  55.5 

+ 18.6 

12>'±.     Connected  with  *  2 

5 

22  38  38.38 

- 

-18  12  39.1 

•    • 

10>'±.     Connected  with  *  2 

Tlie  observations  of  July  11,  12  and  13  were  made  with  the  12-inch,  and  the  others  with  the  36-inch  telescope,  d  indicates  that 
Ja  was  measured  directly  with  the  micrometer.  For  >K  2  the  reductions  to  apparent  place  are  for  .Tuly  10,  +3'.oO,  +18". 8;  July  11, 
+3».42,  +1S".9;  July  12,  +3^4.5,  +1!)".0;  July  13,  +3-.47,  +19".0;  and  for  jfj-i,  July  15,  +.S«.52,  +19".2;  .July  16,  +3'..54,  +19".3, 
and  July  17,  +3^56,  +19".4. 

yit.  Hamilton,  Cal,   1896  July  18. 


MERIDIAN-CIRCLE    OBSERVATIONS    OF 

FOR   COMET  c  189o, 

By  E.  H.  tucker. 

The  following  li.st  of  stars,  observed  with  the  meridian 
circle,  were  used  by  Mr.  Perrine  in  his  observations  of 
Comet  (■  1895,  one  extra  star  being  included.  The  places 
are  jniblished  now,  in  order  that  they  may  be  available  if 
needed  by  other  observers. 

The  discordance  between  the  observed  places  and  those 
given  in  Weisse's  Bessei.  and  Munich  I.  are  in  some  cases 
large  enough  to  show  the  evident  need  of  a  new  determi- 
mition. 


fX:)MPARISON-STARS 


Vlag. 

R.A.  1896.0 

Decl.  1.S90.0 

h        III       s 

O             /               II 

8^i 

19  17  45.83 

+  16     8  11.2 

9 

19  18  59.73 

+  15  33  29.2 

Si 

19  19  2C.67 

+  15  31  38.0 

91 

19  38  48.44 

-   5     2  19.2 

7 

19  39  40.30 

+   8  28  38.7 

81 

19  41  31.97 

-   2  31  29.7 

9 

19  43  41.72 

-   6  17  14.9 

m 

19  45  18.43 

+   0  27  42.0 

Mag. 
8 

Si; 


R.A.  1896.0 

li        m       s 

19  46  39.20 
19  46  58.03 


Decl.  1896.0 


-   2  2r 


9.0 


1  32  18.4 


It  should  be  noted,  in  connection  with  the  observed 
places  of  faint  stars,  that  there  appears  to  be  a  correction 
to  transits  depending  upon  the  magnitude.  This  has  been 
determined  by  screen-transits  of  bright  stars ;  and  later 
and  more  complete  observations  than  those  already  jiiib- 
lished  {A.J.  no.  380),  give  consistently  the  same  result,  a 
correction  of  —  0°.009  per  magnitude  for  the  observed  right- 
ascension  of  fainter  stars. 

Since  the  places  of  the  stars  in  this  list  were  reduced  by 
means  of  Berlin  Jahrhurli  stars  of  3i"  the  average  cor- 
rection would  be  nearly  —  0'.05. 

Such  corrections,  however,  will  be  needed,  in  general, 
only  in  more  refined  classes  of  observation ;  and  their 
application  may  well  wait  the  concerted  judgement  and 
action  of  astronomers. 


Mt.  Hamilton,  1896  July  9. 
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OBSERVATIONS    OF    COMETS, 

MADE    Willi     IIIK    lti-IN«ll    JCi;r  A  KlKIAI.    ANll    KII.AI!    M  liKO-M  KTKI!    AT    tiOODSKl.I,    lllisKKV  ATOKY, 

IJv   II.  C.  WILSON. 
[Cuiiiniuiiicatud  by  Ihe  Director,  W.  \V.   1'avxe.] 


NllliTllFIF.I.n,    Ml.NX.', 


18'.MiN(irtlilioMM.T. 


No. 
t'onip. 


Ja 


-* 

I s_ 


S^'s  apparent 
a  I  8 


logpA 
for  o  for  8 


Fell.  18     17  41)  ;i7 
17  4<)  -M 


Feb.  21 


.Mar. 


14 

i;) 


Apr.  18 
20 
21 

2.3 
May  4 


17  30  4<» 

A 

10  10     (1 

4 

l(t    1(1     (i 

.) 

8     8  44 

6 

0  59  28 

7 

<»  ;^1  29 

8 

9  M  29 

9 

8  .37  1(5 

10 

8  33     7 

11 

8  34  27 

12 

8  34  27 

13 

8     r,  21 

14 

9  50  50 

15 

9,4 
9  .  4 


8  ,  4 

10  .  5 

11  ,3 
9,6 
9,4 

9  .  3 
9,4 


3  .  2 
6,4 
6,4 
6  .4 
9,4 
5,4 


CiiMKT  <■  1895  (Pkkkine). 


+  0  41.61 
-0  16.12 


+  0  35.1 
-1   13.4 


CoMKT  tt  1896  (Pkkkixi 


—  1  20.66 

-1  2.05 

-1  36.8;{ 

+  0  27.10 

+  1  25.43 

+  2  41.80 

+  2  36.99 


1 


1.4 
-2  36.4 
-0  .S2.6 
-0  25.1 
+  2  17.1 
-4  .30.8 
-0  51.7 


19  45  55.16 

Lamp). 

20  46  59.79 
23  6  55.14 

2  14  58.74 

3  16  12.61 
3  40     5.35 


0  55  26.0     ?i9.563 


3  40     5.62     +45  41 


+  24  .30 

+  4()  .50 

+  .50  48 

+47  36 

+  45  41 


CoMKT  h  1896  (SWIKT). 


-0  35.38 
+3  58.43 
-1  0.(;3 
-1  54.52 
+  0  30.72 
28.85 


+  3 


+  9  20.1 
+  0  19.3 


-0 
+  4 
+  6 
+  3 


42.8 

.59.6 

40.2 

3.8 


36 
34 


57.07 

n;.i4 


3  32  25.79 
3  32  25.45 

2  37  22.90 


+  23 
+  28 
+  31 
+  .31 


28 
53 
34 
34 


8.3 
11.4 

38.9 
11.6 
59.8 

.58.7 


39.7 
12.4 
39.6 
42.7 


+  58  35     1.3 


»9.655 
9.57(i 

9.720 
9.795 
9.780 
9.780 


9.652 
9.669 
9.()77 
9.677 
9.712 
9.581 


0.704 


0.701 
0.896 

0.41(i 
0.652 
0.(;i6 
0.616 


0.793 
0.790 
0.791 
0.791 
0.7.58 
0.902 


3Iean  Places  for  1S9(!.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

h        in       s 

19  45  14 

-0'07 

0           /            t 

-  0  56 

-1L8 

Auouymous 

<> 

19  46  11.35 

-0.07 

-  0  54     0.8 

-11.8 

]Municli  (1).  22044 

3 

20  48  21.13 

-0.68 

+  24  31  21.0 

-11.3 

Aniuigh  (2).  2725 

4 

23     7  58.70 

-1.51 

+  46  52  46.2 

+    1.6 

Arijel.  N.  Zones  47,  119 

5 

23     8  34 

+  46  51 

DM.  46°3974 

0 

2  14  32.19 

-0.55 

+  50  48  47.7 

+  16.3 

Bonn  YI,  50°530 

7 

3  14  47.17 

+  0.01 

+  47  33  .37.4 

+  17.2 

IJudclittV'  (1),  9.33 

8 

3  37  23.38 

+  0.17 

+  45  46  14.0 

+  16.6 

Deiolmniller.  Itonn  A.G.  Catal.  .3125 

9 

3  37  28.46 

+  0.17 

+  45  42  .33.8 

+  16.6 

Deicluiiiiller,  Boun  A. (J.  Catal.  3126 

(I'r.  mot. 

10 

3  37  32.29 

+  0.10 

+  23  19  11.3 

+    8.3 

Paris  4380                                [  +  0«.0.3 

-0".07) 

11 

3  .30  17.62 

+  0.09 

+  28  52  44.1 

+   9.0 

Weisse's  Bessel  HI,  586 

12 

3  33  26..35 

+0.07 

+31  35  13.0 

+   9.4 

Leyden  A.G.Z.  243,127  ;  3.52,42 

13 

3  34  19.90 

+  0.07 

4  31  29  .33.6 

+   9.5 

Leyden  A.G.Z.  243,128;  352,43 

14 

3  27  13 

-0.04 

+  36  39     , 

+  9.8 

]J.M.  36°724 

15 

2  33  55.01 

-0.96 

+  58  31  50.5 

+  7.0 

Kadcliffe  (1),  760 

NOMENCLATURE   OF    .\S  rER(  )II)S. 
The  following  names  liave  been  a.ssigned  by  I'rof.  Wolf  to  small  planets  found  by 


(330)  =  1892  X 

(341)  =  1802  J 

(342)  =  1892  A' 
(34.3)  =  1892  A' 


1892  March  18 
1892  Sept.  25 
1892  Oct.  17 
1892  Nov.      15 


Adalbert  a 
California 
Enrhpninn 
U.stara 


(351)    =    LSI  12   r 
(385)   =      AX 
(391)   =       BE 


1892  Dec.  16 
1894  l^I.irch  1 
1894  Nov.        1 


Yrsd 

11  III  lit  (I  r 
liiijvhiirii 
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OBSEKVATIOXS   OF  MINOR   PLANETS, 

MADE    AT   THE    S.VYKE   OliSEItVATdKY,    SO.    ISETULEIIEM,    PA., 

By  JOHN  H.  OGBURN. 


ISO.-)  B.'th 

eli.'iu  M.T. 

* 

No, 
Coinp. 

Planet—  * 

riaiii't's 
II. 

apparent 
o 

log 

for  a 

forS 

(24)  T/ieiiiis. 

Oct.  11 
14 
15 
21 

U         III       s 

10     5  45 

10     7  35 

10     1   16 

9  54  18 

1 
*> 

•) 
3 

9,4 
10  ,  5 

6,4 

Ill         s 

- 1  22.32 
-0    6.67 
-0  52.47 
-1  47.94 

-0  21  4 
+  9  14.9 
+  5     9.86 
-7  42.7 

1  47 
1  45 
1  44 
1  39 

30.52 
14.90 
29.11 
50.95 

+  10  53  13.7 
+  10  11  5.9 
+  10  37  1.0 
+  10  11  53.2 

w.9.401 

7/9.358 
H.9.363 
W9.289 

0.685 
0.685 
0.684 
0.682 

(313)  Chah/aea. 

Oct.  23 
24 

9  33  35 

9  28  14 

4 
4 

9,4 
13  ,  7 

+  1  13.89 
+  0  24.29 

+  5  34.8 
-3  27.8 

1  10 
1     9 

45.26 

55.67 

-  1   26     6.1 

-  1  35     8.7 

M9.213 
W9.216 

0.786 
0.787 

(241)  Germanla 

Nov.  11 
12 

8  16     6 
8  14  50 

5 
5 

1,4 
6 

+  3  28.15 
+  2  44.5!) 

-1  38.2       2     7 
-7  21.0       2     6 

25.55 
41.99 

+  19  49  52.0 
+  19  44     9.3 

M9.444 
v-9.434 

0.584 
0.583 

(113)  AiiKtlthea. 

Dec.    6 

8  11  53    1 

« 

4 

-1  16.11  1    +4  56.4    !    5  40 

7.71  1 

+  17  46  29.0 

-/19.622 

0.689 

Mean  Places  for  1S95.0  of  Coiuparlsoit- Stars. 


* 

a 

Ked.  to                        (^ 
app.  place                     o 

Kwl.  to 
app.  place 

Authority 

1 

'> 

3 

4 
5 
6 

h         in       8 

1  48  48.88 
1  45  17.58 
1  41  34.85 

1  9  27.35 

2  3  53.09 
5  41  18.76 

+  3!96 
+  4.00 
+  4.04 
+  4.02 
+  4.31 
+  5.06 

+  10  53     8.3 
+  10  31  23.9 
+  10  19  10.0 
-   1  32     7.7 
+  19  51     2.0 
+  17  41  21.9 

+  26.8 
+  27.2 
+  25.9 
+  26.8 
+  28.2 
+  10.7 

Weisse's  Be.ssel 

Pulkowa  1855,  Brussels,  Greenwich 

Greenwich  1850,  Yarnall 

r.3S  Ceti 

Paris  26(;S 

Romberg,  Pulkowa  1855,  Greenwich 

<r  = 

Xo^'n.  =  0.4465324 


o— c 


j8 


ELE]SIENTS  AND  EPIIEMERIS   OF  MINOR   PLANET  (346) 

By  ARTHUR  J.  ROY. 

The  following  elements  of  minor  planet  (346)  were 
derived  from  the  April,  Jiuie  and  August  observations 
published  in  A.J.  380. 

Epoch   =   Juue  18.5,  1895  Berlin  JI.T. 

M  =  229'    1   is'l 
ai  =  287  1 4  43.0  ) 
a  =     92  22     6.8  - 1895.0 
(■  =       8  45  24.2  ) 
5  51     2.7 


Ja 


JS 


May 

29 

+  0.18 

-0.1 

July 

18 

-0.16 

+  1.2 

June 

17 

-0.03 

-1.0 

19 

-0.19 

+  1.6 

IS 

—  0.05 

-0.1 

Aug. 

13 

-0.02 

-0.1 

July 

11 

-0.28 

+ 1.3 

14 

0.00 

+  1.0 

The  comparison-star  of  Jmie  1 1  and  18  was  redetermined 
after  the  computations  were  made. 


Ephemekis  for  Beri.in  Mean  Midxkimt. 


The  observed  and 

computei 

positions  compare  as 

follows : 

1890 

App.  a 

App.  S 

log  A 

Alierr. 
Time 

0- 

Ja 

-C 

J8 

0  — C 

Ja                  JS 

A-ug. 

10 

I 
22 

I          111         8 

41     5.75 

-20°  55  28''2 

•  0.210140 

III       s 

13  28 

April  21 
23 

-0.05 
+  0.01 

If 

+  0.3 
+  1.2 

May    18 

0.00 
+  0.08 

n 

-0.7 
-0.2 

11 
12 

40  25.29 
39  43.85 

-21     3     5.0 
10  59.9 

0.209151 
0.208229 

26 
24 

28 

-0.02 

-0.1 

23 

+  0.15 

+  0.5 

13 

39     1.49 

18  12.5 

0.207372 

22 

May      1 

+  0.01 

-1.5 

24 

+  0.08 

-0.3 

14 

38  18.26 

-21   25  42.2 

0.206583 

13  21 
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Al.crr. 

.\1 

err. 

181K5 

Al>l 

>.  a 

\\>\K  8 

loj:A 

'rime 

lS9t! 

.^l.p.u 

Ai.ii.  8 

lo.u  A 

Time 

ll             111           I> 

'            *» 

III    .1 

1 

1             III           S 

0          '             f 

11      6 

Au-.    1.-, 

22  37 

34.19 

-21   33     8.5 

O.205.S(i2 

13  19 

Sept. 

1 

'*•> 

23  54.98 

-23 

23  26.8 

0.204326 

13 

16 

1() 

3(! 

49.3(! 

40  31.0 

0.2(15210 

IS 

•J 

23     6.21 

28  35.1 

().20is(;s 

16 

17 

.•!G 

3.82 

47  49.1 

0.2(11  (■.26 

17 

3 

22   17.78 

.33  31.'.i 

(1.2(15 17S 

17 

IS 

35 

17.(12 

.V.     2.4 

0.204112 

16 

4 

21    29.76 

38   17.1 

0.206156 

19 

lii 

34 

30.S1 

-22     2    111..". 

0.20;!C.C.S 

16 

5 

20  42.22 

42  50.5 

0.206902 

21 

20 

33 

43.4.-) 

9   12.4 

0.20321)1 

15 

6 

19  55.23 

47   11.S 

0.207713 

23 

L'l 

32 

r..-).(i2 

16     8.3 

0.20299(1 

15 

7 

19     S.S6 

51   20.S 

(I.2(IS5'.)(I 

25 

•>•* 

32 

7.36 

22  57..-. 

0.202757 

14 

8 

18  23.17 

55  16.9 

0.209531 

27 

•-'.•! 

31 

18.73 

29  ;!9.5 

0.202595 

14 

•-'4 

3(1 

29.79 

36  13.9 

0.2025(14 

14 

9 
10 

17  38.25 
16  54.11 

-23 

59     0.3 
2  30.S 

0.21053(; 
0.21  ic.o;! 

29 
31 

2.". 

29 

40.61 

42  40.4 

0.2(124  SI 

14 

11 

16  1(X84 

5  48. 1 

0.212730 

33 

26 

28 

51.26 

48  58.4 

(i.2((2.-.;!5 

14 

12 

15  28.50 

8  52.5 

0.213917 

35 

27 

28 

1.78 

55     7.5 

0.202(i5S 

14 

13 

14  47.14 

11   42.7 

0.215162 

37 

2S 

27 

12.25 

-23     1     7.3 

0.202851 

14 

29 

2(5 

22.74 

6  57.5 

0.20.!1M 

15 

14 

14     6.82 

14  20.6 

0.21C.462 

39 

15 

22 

13  27.59 

-24 

16  45.5 

0.2 178  IS 

13 

42 

30 

25 

33.32 

12  37..S 

0.20;vt48 

15 

31 

24 

44.04 

-23  18     7.7 

0.203852 

13  15 

Magnitude  at  opposition,  August  27, 

10.6. 

XKW   ELEMENTS   OF  ASTEROID (387), 

liv  .UlilX    FI.   OGBUKN. 


This  planet  was  discovered  in  Marcli  1894.  From  May  1 
to  Sept.  3,  during  the  summer  of  1895,  I  observed  it  on 
every  favorable  night.  Normal  places  were  formed  for 
May  4,  Julj'S  and  Sept.  1,  each  depending  on  four  or  more 
observations  near  the  resj.ective  date.  From  these,  assumed 
as  correct,  the  following  elements,  to  be  afterwards  corrected, 
were  derived.  They  represent  observations  made  in  March 
1S94,  to  within  a  few  seconds.  An  ej.hemeris  for  tlie  ap- 
proaching opposition  in  November  will  be  published  some- 
time during  the  summer. 


Epoch:  1895  July  3.5  Berlin  M.T. 

M  =  353°    6  10".16 
m  =   153  33  18.42  ) 

Si   =  128  33  49.93  -Mean  Equin.  1895.0 
/  =      17  57  56.96) 
q    =     13  47  16.33 
fi  =   782".(>076 
log«   =  0.4376414 
.;Xcos/3  =    +0".04 

Lehi'jli  I'nirrrfiit!/,  \Hi>GJune. 


jp  =    -0".03 


SOL  TIIEKN    VARIABLE   STARS— A   KEC»)rEST. 


I  wotdd  deem  it  a  great  favor  if  observers  who  may  have 
observations  of  variable  stars  south  of  —30°  not  already 
made  public  would  communicate  them  to  me.  or,  preferably, 
publisli  them  without  delay. 

I  am  desirous  of  securing  elements  of  the  better  known 
Loredale,  South  Africa. 


southern  variables  that  will  depend  up(jn  both  the  Cordoba 
and  recent  observations.  Any  observations,  therefore,  that 
mSy  be  used  as  stepping  stones  between  the  two  periods 
1871-76,  and  1891-96,  will  be  of  great  value  for  this 
purpose.  Alex.  A\'im.  Koukuts. 
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FLEXURE    AND     DIYISIOX-CORRECTIOX     OF     THE     CIRCLES 

MERIDIAN    INSTRUMENT    AT    ALBANY, 

By  lewis   boss. 


OF     THE 


What  is  known  as  the  "  Olcott  Meridian  Circle  "  of  this 
observatory,  was  made  by  Pistok  and  Martins  in  1856, 
under  tlie  direction  of  Dr.  B.  A.  Gould.  The  method 
which  I  emidoyed  in  1879  for  determination  of  tlie  flexure 
and  division-correction  of  this  instrument  differed  essen- 
tially from  any  with  which  I  had  been  previously  acquainted. 
The  employment  of  some  method  like  this  for  the  determi- 
nation of  flexure,  was  suggested  by  Professor  Newcomb's 
memoir  on  the  Washington  Transit-Circle,  in  the  annual 
volume  of  that  observatory  for  18(35;  but  it  was  soon  per- 
ceived that  a  proper  adaptation  of  the  principle  would  serve 
for  determination  of  tlie  division-correction  also. 

Since  the  instrument  has  been  installed  in  its  present 
location,  as  described  in  no.  334  of  this  Journal,  another 
and  much  more  elaborate  determination  of  the  flexure  and 
division-correction  of  the  circles  has  been  carried  out,  the 
results  of  which  may  possess  some  general  interest. 

The  instrument  has  already  been  described  (A.J.  no.  334 
and  elsewliere).  It  is  provided  with  two  circles,  — A,  at  the 
clamp-end  of  the  axis,  and  B  at  the  opposite  end,  each 
graduated  to  2'.  The  numbers  are  arranged  so  that  when 
either  circle  is  east  it  indicates  south  zenith-distances,  plus 
a  constant.  The  radius  of  the  graduations,  from  a  point 
one-third  the  length  of  the  shorter  marks  from  the  ends 
nearest  the  center,  is  475.7  mm  ;  the  linear  value  of  1"  is 
therefore  2.3  microns.  There  are  four  reading-microscopes 
on  each  pier,  arranged  in  the  usual  manner.  They  are 
firmly  fastened  in  holes  through  the  stone  pier,  and  their 
positions  are,  in  a  general  sense,  invariable.     In  reading. 


^  {t-l)A, 


A„ 
t  T 

t  t 


.  + 


(t-l)lK 


the  eye  is  at  a  distance  of  595  mm.  from  the  graduations ; 
the  actual  magnifying  power  is  84  diameters;  from  which 
it  is  inferred  that  the  effective  power  is  36  diameters. 

In  what  follows,  division-correction  will  be  understood 
as  a  quantity  applicable  to  the  mean  reading  of  four  micro- 
scopes ;  since  in  this  method  that  is  the  quantity  first 
determined.  The  errors  of  diameters  can  be  readily  de- 
duced from  the  same  material  of  observation,  if  desired. 
The  zero  of  reference  will  be  that  in  which  the  marks  under 
the  four  microscopes  are  0°,  90°,  180°  and  270°. 

Let  />',„,  /?„,  etc.,  indicate  successive  readings  of  Circle  A, 
and  R',,  B',,  etc.,  the  corresponding  simultaneous  readings 
of  Circle  B.  With  perfect  circles,  read  without  error,  we 
shall  evidently  have, 

(7,>,„  +  i?V)   =   (B„  +  i?'.)   =   ....   =   7f„ 

in  which  Ji^  represents  the  true,  constant  sum  of  the  read- 
ings.    In  practice,  each  of  the  readings  may  require  cor- 
rections, A„,,  ^„  etc.,  for  Circle  A;   B^,  B,  etc.,  for  Circle  I! ; 
so  that  we  shall  have, 
{R.,,+B';)  +  A^+B,  =  {R^+B',)  +  A„+B.  =  ....  =   /.•„(!) 

If,  now,  we  have  a  set  of  sums  of  simultaneous  readings, 
t  in  number,  at  equidistant  intervals,  a,  on  the  circles,  dur- 
ing a  time  in  which  it  may  be  assumed  that  the  true  sum, 
A'u,  has  remained  jjractically  invariable  ;  and  if  we  take  the 
arithmetical  mean,  j^''i,,  of  the  sums  (^,„  +  jB',.)  ,  (7i;„+A'',)etc., 
and  subtract  it  from  each  individual  sum,  having  reference 
to  equations  (1)  in  the  process,  we  shall  have  t  equations 
of  condition  like  the  following  : 


t 


+  {B,„  +  B',)  -  E\,  =  0 
+  (B^+B'.)  -  B\,  =  0 


1 


(2) 


Let  similar  sets  of  simultaneous  readings  (t  in  number) 
be  continued  throughout  the  quadrant,  or  circumference,  as 


may  be  necessary.     At  the  beginning  only  one  set  will  be 
required.     Theu,  at  the  beginning  of  each  successive  series, 

(ISO) 
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while  the  axis  of  the  circle  remains  fixed,  let  one  of  the 
circles  be  sliifted  by  one  of  the  equidistant  spaces,  a,  so 
that,  for  instance,  the  reading  B„  in  the  new  series  shall 
correspond  to  if',,  etc. ;  and  in  each  of  the  series  let  sets  of 
simultaneous  readings  be  made  as  in  the  first.  It.  now.  in 
each  series,  the  corrections,  as  ./„  and  /?,,  are  known  at 
regular  intervals,  ta,  and  if  the  number  of  series  be  t,  we 
shall  be  able  to  solve  tlie  equations  in  a  rigorous  manner 
for  tlie  values  of  the  remaining  unknown  corrections.  In 
practice  t  should  not  exceed  ^p're,  tlioiigh  the  set  may  be  a 
inultiple  of  t,  and  the  number  of  series  should  be  much 
greater  than  f. 

Continuing  to  neglect  for  the  present  other  classes  of 
errors,  we  shall  consider  those  peculiar  to  the  circles  them- 
selves. When  the  graduated  circle  lies  sensibly  in  the 
surface  of  a  vertical  plane  and  is  of  nearly  homogeneous 
construction  in  the  usual  form,  the  principal  terms  of  error 
due  to  the  construction  and  action  of  the  circle  are  of  the 
Wfll  kniiwii  fdiin. 

A„+  Fsm{K^+n) 

In  this  expression,  A„  indicates  division-correction.  The 
term,  Fsin  {Ji„+u),  is  to  correct  for  the  effect  of  flexure  of 
the  circle.  This  flexure  is  a  minute  rotation  relative  to  the 
axis,  like  that  which  would  result  from  the  application  of  a 
load  at  some  point,  «  +  /3,  of  the  divided  arc,  the  circle 
remaining  rigidly  clamped  to  the  axis.  The  actual  flexure 
is,  in  all  probability,  the  resultant  effect  of  an  infinite  num- 
ber of  loads  unsymmetrically  distributed  upon  the  circle, 
such  as  might  arise  from  sliglit  variations  in  the  form,  or 
density,  of  various  sections  of  the  circle.  A  very  elementary 
consideration  of  the  problem  is  sufficient  to  show  that, 
under  ordinary  circumstances,  while  the  flexure  remains  a 
small  differential,  the  distortion  of  form  in  any  well  made 
circle  must  be  practically  insignificant.  Therefore,  the  cor- 
rection Fshi  (R„+n)  is  equally  applicable  to  the  indication 
of  each  of  the  microscopes. 

The  question  whether  a  given  circle  follows  tlie  simple 
law,  herein  stated,  is  one  which  may  be  very  easily  tested. 
.\mong  such  tests  that  have  been  applied  to  the  Albany 
Circle,  two  or  three  maj-  be  cited. 

Circle  A  was  set  to  KSoO^  (Z.D.  of  telescope,  80°)  and  the 
four  microscopes  were  read  as  in  column  (1)  of  the  table 
shortly  to  be  given.  Then,  the  instrument  remaining 
throughout  firmly  clamped,  a  weight  of  8  oiuices  (approxi- 
mately 227  grams)  was  suspended  from  the  circle  at  the 
graduation-mark  35°,  which  was  in  the  south  horizon  as 
viewed  from  the  axis  of  the  instrument ;  and  the  readings 
in  column  (2)  were  made.  The  readings  in  column  (3) 
were  obtained  when  the  weight  was  suspended  from  grad- 
uation, 215°,  180°  distant  from  its  position  in  series  (2)  ; 
and  readings  (4),  (5)  and  (6),  are  respectively  duplicates 
.of  (2),  (3)  and  (1)  — (6)  as  compared  with  (1)  serving  to 


indicate  wliether  the  instrument,  as  a  whole,  or  the  micro- 
scopes, hatl  suffered  any  material  changes  during  the  course 
of  the  readings. 

Flkxuke-Tkst 
Microscope    (1)         (2)  (:3)         (4)  (.j)  (6) 

E  34'2  40.':  29*1  40^4  29.3  34": 

F  37.4  43.fi  32.3  43.5  32.0  38.1 

G  25.5  31.4  19.5  31.0  20.2  25.2 

H  32.4  38.1  26.8  37.8  2G.9  32.5 

Fi-om  this  experiment  I  conclude  tliat  the  horizontal 
flexure  of  tlie  circle,  tlius  loaded,  is  5".G,  or  0".70  for  one 
ounce.  For  each  microscope,  the  mean  observed  effect  was : 
for  E,  5".7 ;  for  F,  5".6 ;  for  a,  5".7 ;  and  for  //,  5".(i. 
There  appears  to  be  no  sensible  distortion  of  the  circle  pro- 
duced by  the  weiglit.  Other  similar  tests  led  also  to  like 
conclusions.  The  correction  for  flexure,  as  deduced  in  tliis 
experiment,  would  be  5".6  (i?  +  280°);  for  7?  =  305°,  the 
value  of  this  expression  is  —4".0,  — exactly  that  which  was 
observed.  Other  tests  with  smaller  weights  Avere  made,  all 
confirming  the  same  law  of  the  flexure  at  various  points, 
together  with  the  conclusions  already  cited  ;  and  showing 
that  a  weight  of  one  ounce  (about  28  grams)  fastened  to 
the  periphery  of  the  circle  is  sufficient  to  cause  a  flexure 
of  0".7.  Further  testimony  as  to  the  applicability  of  the 
sine  law  of  flexures  to  these  circles  will  appear  in  its 
proper  place. 

It  is  impossible  here  to  enter  into  consideration  of  the 
details  relating  to  the  attempt  to  correct  for,  or  to  get  rid 
of,  the  errors  of  micrometric  measurement  upon  the  circles. 
No  point  was  knowingly  overlooked ;  and  tlie  contest 
against  error  was  incessant.  It  is  necessary  to  remark, 
however,  that  I  have  not  thoroughly  investigated  the  possi- 
ble irregularities  in  tlie  action  of  the  new  micrometers  of 
the  circle-microscopes.  Tliey  appear  to  be  small.  It  was 
found  to  be  clearlj-  practicable  and  was  deemed  to  be  pre- 
ferable, in  this  division-error  work,  so  to  conduct  the  meas- 
ures as  wliolly  to  eliminate,  in  the  final  results,  the  effect 
of  the  possible  errors  in  question.  The  determination  of 
these  errors  is  always  difficult,  and  is  liable  to  its  own  un- 
certainty, so  that  elimination  is  still  desirable,  even  if  the 
readings  are  corrected. 

Let  us  now  consider  the  actual  series  of  readings.  With 
the  instrument,  clamp  West,  a  series  of  simultaneous  read- 
ings of  the  two  circles  was  made  with  settings  at  intervals 
of  45°,  throughout  the  circumference.  There  were  two 
observers,  one  at  each  circle.  In  the  first  series,  when  the 
telescope  pointed  to  the  zenith,  the  reading  of  circle  A  was 
270°,  and  of  B  315,  and  the  approximate  sum  of  the  read- 
ings was  225°  0'  51".  The  first  reading  in  the  series  was 
at  180°  for  A,  and  45°  for  B,  the  eighth  at  225°  for  A,  and 
0°  for  B,  the  ninth  to  sixteenth  corresponded,  in  retrograde 
order,   to   the   first  eight   readings.     The  following  table 
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exhibits  the  corrected  sums,  with  the  concluded  means  in  the 
hist  cohuini,  which  are  uninfluenced  by  any  changes  in  the 
instrument,  or  in  the  habit  of  the  observers,  that  are  uni- 
formly progressive  with  the  time.  Througliout  the  work, 
without  exception,  this  arrangement  of  direct  and  retro- 
grade sets  of  readings  was  kept  up. 

45° Arcs,  Clami'  Wkst,  Skkik.s   (and  set)  I. 

Seconds  of  Sums. 
2d  Half    Means 

5o"97     5]!26 


Degrees  of 

Heading. 

Sec 

Order 

For  A 

ForB 

1st  Hal 

1-16 

180 

45 

51.56 

2-15 

135 

90 

51.30 

3-14 

90 

135 

51.71 

4-13 

45 

180 

50.82 

5-12 

0 

225 

50.83 

6-11 

315 

270 

49.97 

7-10 

270 

315 

50.99 

8-  9 

225 

0 

50.40 

50.71 
51.36 
50.74 
50.41 
49.73 
50.52 
50.17 


51.00 
51.54 
50.78 
50.62 
49.85 
50.76 
50.28 


Neglecting  degrees  in  the  sums,  this  series  furnishes  the 
following  equations :  (3) 


-4„+7?,5  +Fsin(180  +  <t)  +  i'''sin(  45+ «') +51.26  =   i?„ 

^46+V  +^'siu(135  +  «)  +  i'''sin(  90  +  «')  + 51.00  =   i>\ 

A„  +B^  -l-i^sin(  'M)  +  u)  +  F'siw  (V.',r,  + a')  +51.54  =  i?„ 

As  +  A    +i^sin(  45  +  «)  +  i'''sin(lS0  +  «') +  50.78  =   E^ 

A^-^  11,,+ Fsm{     0 +  «)+■  i^ 'sin  (225 +  «')  + 50.62  =  i?„ 

+  /'sin(315  +  «)  +  7'''sin(270  +  «')  + 49.85  =   E, 

+  Fsm  (270 +  «)  +  7''' sin  (315  +  </)  +  50.76  =  i?„ 

+  i^sin(225  +  «)  +  i'^'sin(     0  +  «') +50.28  =  B, 


A  +ih. 


By  the  addition  of  alternate  equations  we  derive  the  two 
equations  51".04  +  5,^  =  i?„,  and  50".48  +  J,,  =  E^; 
and  from  these, 


(4) 


A. 


R,  -  0".56   =  0 


Circle  B  was  next  undamped,  so  rotated  on  the  axis  that 
its  reading  0°  corresponded  to  270°  for  A,  and  then  clamped 
again.  In  this  new  series  (II),.  the  readings  of  A  were  as 
in  Series  I  and  those  of  I>  were  all  45°  greater.  From  a 
set  of  equations  entirely  analogous  to  (3)  was  derived, 

(5)  A,,  +  B,,  -  0".46   =  0 

The  .solution  of  (4)  and  (5)  gives:  A,^  =  +0".51; 
Zi^j  =  —  0".05.  In  series  (and  set)  III,  45°  of  B  corres- 
ponded to  270°  of  A  ;  and  in  each  succeeding  series  the 
reading  of  B  was  increased  45°  relatively  to  A,  until  eight 
series  were  completed.  Then  B  was  allowed  to  remain 
fixed  on  the  axis  while  A  was  rotated  in  the  succes.sive 
series,  eight  in  number.  Similar  observations  in  16  series, 
with  the  instrument,  clamp  east,  in  order  to  secure  inter- 
change of  observers  and  microscopes,  as  well  as  to  strengthen 
the  determination  of  the  principal  fundamental  point,  com- 
pleted the  determination  of  J45  and  JS45,  in  16  individual 
results  as  shown  in  the  following  list : 


JOURNAL. 

Detk 

{MINATION 

OF    Ay^    AND    7?,5 

Clamp  W 

Clamp  E 

A,, 

ii,5 

Air, 

Bv. 

+  0.51 

—  0.05 

+  0.56 

+  0.02 

+  0.59 

-0.00 

+  0.70 

-0.04 

+  0.47 

-0.01 

+  0.50 

+  0.02 

+  0.54 

-0.08 

+  0.54 

+0.05 

+  0.51 

+  0.20 

+  0.61 

-0.03 

+  0.60 

+  0.04 

+  0.62 

0.00 

+  0.55 

+  0.11 

+  0.70 

-0.06 

+  0.56 

-0.03* 

+  0.53 

-0.10 

191 


Means     +0.54     +0.02 


-1-0.60      -0.02 


The  definitively  adopted  values  are  : 
A,,  =    +0".57    ±0".011      ;     B,r,  =  0".00    ±0".015 

The  probable  errors  of  the  final  results  are  derived  from  the 
16  independent  determinations,  but  are  probably  too  small. 
The  method  of  determining  the  corrections,  A^,  A^,,,  B^ 
and  B^,  were  entirely  analogous  to  those  employed  in  deter- 
mining Afr^  and  B^.  The  interval  between  settings  and 
relative  rotations  of  the  circles  was,  of  course,  30°.  The 
instrument  was  "  clamp  east."  Each  series  consisted  of 
a  single  set  of  24  readings,  12  direct  and  12  retrograde. 
There  were  12  sets  in  which  B  was  rotated  relatively  to  A> 
and  12  sets  in  which  A  was  rotated  relatively  to  B.  Equa- 
tions were  formed,  analogous  to  equations  (3),  and,  in  order 
to  eliminate  flexure,  means  of  corresponding  sums  in  the 
four  quadrants  were  taken,  the  first  mean  having  been 
derived  from  the  1st,  4th,  7th  and  10th  sums ;  the  second 
from  the  2d,  5th,  8th  and  11th  sums ;  and  the  third  from 
the  3d,  6th,  9th  and  12th  sums.  Thus,  in  the  first  series 
there  resulted : 


33.74  =   7V„ 

33.82  +  A,„  +  B,„  =   E, 
33.06  +  J,.„  +  74,  =  ^'n 


(fi) 


Subtracting  one-third  the  sum  of  equations  (6)  fronr  each 
one  of  these  equations,  there  result  the  first  three  of  equa- 
tions (7).  The  next  three  are  formed  from  Series  II,  and 
the  last  three  from  Series  III. 

Conditional  Equations  from  Series  I,  II,  III,  30°  Arcs. 


1/1      —  1  4 


+  ; 


17?      —  1  /? 

+» 


+1 


+  n 


+ 


■  +  ^- 


+  i 


+* 


— 3 
1 

+  S 


+  0. 
+  0. 
-0, 

+  0, 
— 0. 
-0, 

+  0, 
+  0, 
-0 


20 

28 
48 

26 
01 
26 

21 

12 
33 


=  0 

=  0 

=  0 

=  0 

=  0 

=  0 

=  0 

=  0 

=  0 


(') 


The  entire  24  series  of  30°  arcs  furnished  eight  sets  of 
equations  like  equations  (7),  or  72  conditional  equations  in 
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all.     The  solution  of  eiiuatious   (7)  leads   to  the  imnnal 
equations. 


'2  1     —4 
—    -1     +2-* 


+  '*B     — 


+  0.3!) 

-1.07 

/?„,  -0.28 

+  2^„,  +0.21 


0 
0 
(.) 
0 


From  these  result:  .I,,,  =  +0".10;  J„,  =  +0".o8; 
7i„  =  +0".12;  7}„  =  — 0".0o.  In  the  formation  of  the 
normal  ('(jiiations  throughout  this  and  all  other  parts  of  the 
work  some  abridgements  were  possible  that  greatly  facili- 
tated tlie  solutions.  Thus,  for  the  sums  of  squares  of  the 
coetficients.  we  have  for  each  group  of  three,  '^  ;  and  for 
the  sums  of  products,  +3  when  the  positive  coefficients 
are  found  in  the  same  horizontal  line,  —\  when  they  are 
found  in  different  lines.  For  the  absolute  terms  of  the 
normal  equations  it  is  simply  necessary  to  sum  the  absolute 
terms  of  the  individual  equations  in  which  positive  coeffi- 
cients of  a  given  unknown  occur.  One  of  the  chief  advan- 
tages of  this  method  lies  in  the  simplicity  of  the  numerical 
solutions,  concomitant  with  entire  rigor  and  refinement. 
The  eight  deduced  values  for  Jj^,  A^^,  /ij,,  and  B„,  are  ex- 
hibited in  the  following  statement: 


Series 

I-III 
IV-VI 
VII-IX 
X-XII 
XIII-XV 
XVI-XVIII 
XIX-XXI 
XXII-XXIV 
Means 


A31, 

+  0.'lO 
+  0.01 
+  0.02 
+0.05 
+0.01 
-0.04 
+  0.10 
+  0.05 


+  0.58 
+  0.45 
+  0.52 
+  0.30 
+  0.;^5 
+  0.31 
+  0.47 
+  0.44 


-B30 

+0.12 

+  0.13 
+  0.06 
-0.02 
+0.14 
+  0.07 
+0.15 
+0.16 


-0.05 
-0.10 
-0.15 
-0.22 
-0.06 
-0.04 
-0.10 
-0.02 


+  0.04 


+  0.44 


+0.10 


-O.Oi) 


The  mean  of  the  probable  errors  for  tlie  final  means  is 
±0".015,  if  computed  from  the  individual  determinations, 
and  ±0".()12  if  computed  from  tlie  e(iuations. 

We  can  now  proceed  with  the  determination  of  the  flex- 
ures of  the  circles.  For  example,  in  equations  (3),  .4^^  and 
/f^  being  known,  li^  can  be  found  (=51".04) ;  and  we  shall 
have  a  series  of  conditional  equations  in  which  the  flexures 
are  the  only  unknown  quantities.  The  four  divisions  of  the 
45°  arcs,  and  the  two  divisions  of  the  30°  arcs,  each  furnish 
a  set  of  equations,  with  complete  elimination  of  errors,  for 
the  determination  of  flexure  of  each  of  the  circles.  The 
final  results  are  exhibited  in  the  following  statement,  in 
which  the  first  column  shows  the  division,  the  second  desig- 
nates which  circle  remained  fixed,  the  third,  the  constant 
zenith-reading  of  that  circle ;  and  i;he  remaining  columns 
contain  the  coefficients  of  the  sine  and  cosine  terms  as  in- 
dicated. In  these  and  all  other  final  results  for  flexure,  or 
division-corrections,  the  third  decimal  of  seconds  was  car- 
ried out  in  the  computations. 


1)kii:i{M1x.\tiox   ok  Flkxikk. 


Div. 


z.Ii 


Cirfle  A 
sin  li  ros  1{ 


Circle  B 
sin  R  cos  li 


45°  W  A  270 
H  270 

4.rE  1!  0 
A  270 

30°  E  A  270 
B  270 


-0.70 
-0.64 
-O.C)! 
-0.68 
-0.65 
-0.57 


-  0.30 
-0.38 
-0.32 
-0.26 
-0.32 
-0.1!) 


-0.44 
-0.56 
-0.4!) 
-0.37 
-0.45 
-0.45 


-0.63 
-0.71 
-0.70 
-0.6(i 
-0.71 
-0.60 


Cleans 


_0.64        —0.31  —0.46        -0.()7 


Written  in  another  form  we  have  for  tlie  flexure  of 
Circle  A,  0".71  sin(/;+205°  46');  and  for  Circle  R, 
+  0".81  sin(A'+235°  18').  I  infer,  therefore,  that  the  flex- 
ure of  Circle  A  could  be  reduced  approximately  to  zero  by 
fastening  a  weight  of  one'ounce  (api)roxiinatelj-  28  grams) 
to  the  rim  of  the  circle  at  tlie  gra<luation-niark  109°  14'; 
and  that  the  same  could  be  accomplished  for  Circle  R,  by 
fastening  a  weight  of  1.2  ounces  at  the  mark   79°  42'. 

It  is  worth  while  to  inquire  whether  the  flexures  show 
any  marked  dependence  upon  the  position  in  which  the  cir- 
cles are  clamped  upon  the  axis.  The  preceding  statement  of 
detailed  results  for  flexure  affords  the  means  for  doing  this. 

We  have 

A  270  -0.68  sin  A'     -o"32cos/i     3  determ. 

A  rotated     —0.61  sin i^     —0.30  cos  A!     3  determ. 

B      0  — 0.49sin^     — 0.70cosi2     1  determ. 

B  270  -0.51  sin  7?     -0.65  cos  .B     2  determ. 

B  rotated      —0.42  sin  ii     —0.()7  cos.fi     3  determ. 

The  discrepancies  between  the  determinations  classified 
in  this  manner  are  no  greater  than  might  be  attributed  to 
the  accidental  errors  of  observation.  It  has  been  very 
evident  to  me,  from  the  first,  that  these  quantities  are  due 
to  the  flexures  of  the  spokes,  or  radial  arms.  These  spokes 
are  ten  in  number  for  each  circle.  They  are  set  on  a  cen- 
tral hub,  or  disc,  182  mm.  in  diameter  and  are  380  mm.  in 
length.  The  cross-sections  of  these  spokes  are  trapezoids, 
the  bases  of  which  are  in  the  plane  of  the  graduations. 
At  junction  with  the  hub,  the  two  parallel  sides  of  the 
cross-section  are  15mm.  and  6  nun.,  and  the  heightis  33  mm. ; 
correspondingly  at  junction  with  the  arc  these  dimen- 
sions are  respectively  10,  6  and  19  nun.  1  should  suppose 
a  T-.seetion  for  these  spokes  preferable. 

In  order  to  gain  a  general  view  of  the  results  of  the  in- 
vestigation for  flexure,  and  to  examine  in  what  degree  the 
sine-law  of  flexure  applies,  the  following  table  has  been 
prepared.  After  substitution  of  division-correction  and  R^ 
in  equations  (3),  it  is  easy  to  arrange  the  equations  of  a 
given  division  (8  series  in  the  45°  arcs,  and  12  series  in  the 
30°  arcs)  so  that  the  means  of  a  given  division  (of  8  or  12) 
shall  give  directly  the  flexure  of  a  given  reading  for  one  of 
the  cifcles,  apart  from  every  hypothesis  as  to  the  law  of 
flexure,  except  that  for  the  opposite  circle  it  has  opposite 


NO-  382 


TKE     ASTRONOMICAL     JOUENAL. 


193 


signs  for  reading.?  180°  apart,  a  liypotliesis  which  has  re- 
ceived the  strongest  confirmation.  The  separate  determi- 
nations III,  n.,,  etc.,  furnish  tlie  means  in  column  "0." 
Column  {;  contains  the  values  calculated  from  the  definitive 
formulas. 

DliTAILS     (IK    OliSKIiVKI)    FlEXUIIES. 
ClltCI.E    A 


li 

O 

0 

30 

4.5 

60 

90 

120 

13.5 

150 

ISO 

210 

225 

240 

270 

300 

315 

330 


H 


n.. 


—0.32 
—0.74 

— 0.5S 

—0.11 

-f0.2S  -f-0.37 
-1-0.09  4-0.00  -fO.78 
-1-0.72  -l-O.GO  -1-0.61 
-1-0.31  -1-0,27  -1-0.31 


—0.31 
—0.72 
—0.54 
—0.33 

-1-0.  IS 


—0.32 
—0.94 
—0.05 
—0.10 


0 

—0.70 

—0.71 

— 0..58 

30 

.    . 

45 

—0.52 

—6.86 

—6.84 

60 

.       , 

90 

—6.47 

—0.45 

—0.30 

120 

135 

-f-6.10 

+6.16 

+0.10 

1.50 

180 

+0.74 

+6.65 

+6.61 

210 

.    . 

225 

-1-6.78 

+6.82 

+0.77 

240 

.      . 

.      , 

.       , 

270 

+0.37 

+0..56 

+0.44 

300 

315 

-6.29 

—0.18 

—0.15 

330 

"1 

— o!33 
— 0.S4 
—0.1)0 
—0.07 
+0.38 
+6.65 
+0.58 
+6.30 

ClUCLE 

-0.68 
—0.93 
— 0..52 
+6.09 
+0.04 
+1.03 
+6.45 
—0.07 


-0.38 
— 0..58 

—6.75 
—0.69 
—0.34 

—6.03 
+0.34 
+0.52 

+0.74 
+0.66 
+0.37 


—0.27 
—0.42 

—0.54 
—0.61 
—0.44 

—0.13 
+0.28 
+0.47 

+6.44 
+0.66 
+0.44 


+0.14     +0.12 
B 


() 

—0.32 
— 0..50 
-0.81 
—0.64 
—0.62 
—0.39 
—0.17 
—0.08 
+0.30 
+0..50 
+0.68 
-+-0.59 
+0.64 
+0.40 
+0.30 
+0.13 


—0.69 
—0.93 

—6.75 
—0.40 
+0.03 

+6.32 

+0.72 
+0.80 

+6.74 
+0.49 
+0.07 


—0.64 
—0.75 

—6.64 
—0.52 
—0.07 

+0.30 
+0.67 
+0.68 

+0.68 
+0.40 
+0.16 


The  further  work  of 


.   .      —0.39 
ascertaininar 


O 

// 
—0.67 
—0.84 
—0.79 
—0.70 
—0.45 
—0.02 
+0.11 
+0.31 
+0.67 
+0.74 
+0.85 
+0.71 
+0.45 
+0.12 
—0.17 
—0.34 


C 

— o!31 
—0.59 
— 0.ti7 
—0.71 
—0.64 
—0.40 
—0.23 
—0.05 
+0.31 
+0.59 
+0.67 
+0.71 
+0.64 
+0.40 
+0.23 
+0.05 


C 

If 

—0.67 
—0.81 
—0.80 
—0.73 
—0.46 
—0.07 
+0.14 
+0.35 
+0.67 
+0.81 
+0.80 
+0.73 
+0.46 
+0.07 
—0.14 
—0.35 


—0.28 
division-error  might 


have  been  carried  on  in  a  single  quadrant,  except  that  it  is 
desirable  to  eliminate  certain  classes  of  errors  to  which 
allusion  has  been  made.  Accordingly  in  all  t\\e  divisions 
of  the  work,  except  in  that  of  the  1°  and  the  20'  arcs,  read- 
ings were  made  in  opposite  quadrants  in  each  series,  or 
relation  of  the  circles,  and  often  in  all  four  quadrants. 

The  errors  of  A^r,,  J,;,  if  15  and  jB,5  were  ascertained  by 
special  methods,  differing  somewhat  from  that  which  has 
been  described.  There  were  32  determinations  which  are 
here  condensed  into  four  distinct  sets,  or  metliods. 

Determination  of  A^r^,  Ay^,  By^,  B^^. 


ivision 

An 

^75 

By. 

Bts 

It 

II 

n 

It 

I 

+  0.24 

+  0.44 

-0.05 

-0.04 

II 

+  0.27 

+  0.41 

-0.11 

-0.12 

III 

+  0.38 

+  0.45 

+0.01 

-0.04 

IV 

+0.36 

+  0..50 

0.00 

-0.02 

Means 


-0.31 


-0.45 


-0.04 


-0.06 


From  combination  of  pairs  of  determinations  (all  j)ossible) 
in  these  final  results,  the  probable  error  of  the  adopted  means 


is  ±0".019,  which  is  probably  not  materially  smaller  than 
the  true  probable  error.  We  have  now  the  value  of  the  cor- 
rection for  flexure  and  division  error  for  every  multiple  of 
15°  in  the  entire  circumference. 

As  a  separate  foundation  upon  which  to  base  the  subse- 
quent work,  the  multiples  of  9°  were  investigated  next. 
There  were  40  series  of  readings  in  this  division  of  the 
work.  Each  series  consisted  of  four  sets,  and  there  were 
10  readings  in  each  set,  five  direct  and  five  retrograde. 
The  readings  gave  rise  to  800  equations  of  condition,  illus- 
trated by  the  following  set  of  five. 


^IBi  A-,i  A»y 


B, 


7J..7 


-0.2 

—0.2 

—0.2 

-0.2 

—0.2 

—0.2 

—0.2 

—0.2 

+0.17  =0 

—0.2 

—0.2 

—0.2 

+0.8 

+0.8 

—0.2 

—0.2 

—0.2 

— 0.'58  =  0 

-0.2 

—0.2 

+0.8 

—0.2 

—0.2 

+0.8 

—0.2 

—0.2 

+0.44  =  0 

—0.2 

+0-8 

—0.2 

—0.2 

—0.2 

—0.2 

+0.8 

—0.2 

—0.17  =0 

+0.8 

—0.2 

—0.2 

—0.2 

—0.2 

—0.2 

—0.2 

+0.8 

+0.14  =  0 

Four  sets  of  normal  eipiations  were  formed  ;ui(l  solved  ; 
and  from  a  final  set  of  normal  equations,  containing  the 
results  of  the  entire  division,  were  taken  the  definitive 
values  of  the  unknown  corrections ;  which  for  each  circle 
were  not  only  independent  from  the  adopted  value  of  the 
flexure,  but  also  from  the  division  corrections  of  the  other 
circle.  The  final  determinations  in  two  sets,  formed  under 
the  condition  that  in  each  there  shall  be  nominally  com- 
plete elimination  of  the  unknown  residual  errors  of  flexure, 
of  irregularities  of  the  micrometer  screws,  etc.,  are  these : 


Division  Cokeection  for  9°  Arcs. 

C'IKCI.E   A 


R 

O 

9 
18 

27 
36 

54 
63 

72 
81 


(1) 


(2) 


Mean 


-0.15  -0.21  -0.18 

-0.22  -0.22  -0.22 

_0.04  -0.11  -0.07 

+  0.50  +0.47  +0.48 

+0.45  +0.46  +0.46 

+  0.14  +0.16  +0.15 

-0.14  -0.11  -0.12 

+  0.60  +0.65  +0.62 


c 

IRCI.E    B 

(1) 

(2) 

Mean 

+  0.17 

+  (1.19 

+  0.18 

-0.08 

—  0  Itl 

—  0.09 

+  0.23 

+  0.27 

+  0.25 

-0.35 

-0.30 

-0.33 

-0.10 

-0.14 

-0.12 

-0.46 

-0.47 

-0.46 

-0.26 

-0.24 

-0.25 

+  0.12 

+  0.15 

+  0.14 

From  the  agreement  of  these  16  pairs  of  determinations, 
the  probable  error  of  an  adopted  mean  would  appear  to  be 
±0".012.  From  the  100  final  conditional  equations  it  is 
±0".016;  even  this  is  probably  too  small.  I  have  there- 
fore taken  the  probable  error  from  the  solutions  in  four 
sets,  although  the  errors  are  not  completely  eliminated. 
The  probable  error  of  the  final  means  from  this  source  is 
±0".029.  This  is  probably  too  large,  but  is  adopted. 
There  were  several  rather  anomalous  results  in  this  series. 
B.„  affords  the  most  marked  instance.  The  separate  values 
for  this  point  were  -0".09,  -0".43,  -0".ll  and  -0".37. 
A  special  determination  of  B.„,  symmetrically  arranged 
under  the  assumption  that  the  corrections  of  all  other  multi- 
ples of  9°  are  known,  gave  -0".22  ±  0".03,  while  the  pre- 
viously  adopted  value  was   —  0".25.     It  is  probable  that 
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there   was  here  an  exceptionally  unlucky  combination  of 
unelimiuated  systematic  and  accidental  errors. 

The  corrections  for  arcs  which  are  multiples  of  3°  were 
next  determined.  There  were  two  independent  divisions 
of  this  work.  In  the  first  there  were  six  series;  in  each 
series  24  sets,  extending  around  the  entire  circumference ; 
and  in  each  set  there  were  12  readings,  each  set  beginning 
and  turning  at  the  middle  on  a  multiple  of  15°,  for  circle  A. 
In  the  second  division  there  were  six  readings  in  each  set, 
20  sets  in  each  series,  in  opposite  quadrants,  and  9  series. 
Eaih  set  for  Circle  A  began  on  a  multiple  of  9°.  The  first 
division  furnished  two  determinations  which  proved  to 
have,  each,  exactly  the  weight  of  the  determination  from 
the  second  division. 

Kkcapitulatiox  of  3°  Arcs. 


finci.K  A 

Cimi.i 

B 

B 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

» 

» 

n 

f 

* 

ff 

n 

ff 

3 

—0.31 

—0.33 

— 1).24 

—0.29 

—0.46 

—0.30 

—0.45 

—0.42 

0 

—0.13 

—0.13 

-0.06 

—0.11 

+0.04 

+0.02 

+0.09 

+0.05 

12 

—0.04 

—0.15 

—0.08 

—0.09 

+0.02 

+0.16 

+0.11 

+0.10 

21 

-0.01 

—0.06 

—0.11 

—0.06 

+0.21) 

+0.13 

+0. 1 7 

+(1.10 

24 

—0.14 

—0.05 

— 0.0-1 

—0.07 

+0. 19 

+0.09 

+0.03 

+0.11 

33 

—0.04 

+0.07 

+0.02 

+0.02 

—  0.10 

—0.01 

+0.08 

—0.01 

39 

+0.16 

+0.25 

+0.25 

+0.22 

—0.17 

—0.12 

—0.17 

—0.16 

42 

+0.45 

+0.46 

+0.59 

+0.50 

—0.03 

+(».10 

—0.06 

0.00 

4S 

+0.54 

+0.4ti 

+0.58 

+0.53 

—0.07 

+0.02 

—0.05 

—0.03 

51 

+0.41 

+0.35 

+0.49 

+0.42 

—0.08 

—0.04 

—0.04 

—0.05 

57 

+(l.5I 

+0.4S 

+0.48 

+0.49 

—0.31 

—0  40 

—0.32 

—0.35 

66 

+(l.l(i 

+0.25 

+0.10 

+0.17 

—0.23 

—0.21 

—0.11 

—0.18 

69 

+0.01 

+0.20 

+0.05 

+0.09 

-0.01 

—0.15 

—0.07 

-0.08 

78 

+0.28 

+0.31 

+0.26 

+0.2S 

—0.21 

—0.35 

—0.18 

—0.25 

84 

+0.61 

+0.57 

+0.41 

+0.53 

+0.13 

+0.25 

+0.28 

+0.22 

S7 

+0.33 

+0.45 

+0.46 

+0.41 

1  —0.13 

—0.14 

—0.14 

—0.13 

The  probable  error  of  the  adopted  means  is  ±0".026; 
and  this  is  probably  very  near  the  truth.  In  the  determi- 
nation of  these  3°  arcs  the  symmetiy  was  somewhat  dis- 
turbed, and  all  of  the  equations  had  to  be  written  out. 
This  was  because  the  determination  rested  on  two  series  of 
basic  points,  — the  9°  and  the  15°  arcs.  One  great  advan- 
tage anticipated  from  this  arrangement  is  that  systematic 
errors  in  the  determination  of  the  3°  arcs  are  probably  much 
smaller  tlian  they  would  have  been  had  they  depended  upon 
either  the  15°  or  9°  arcs  alone. 

The  fiirther  subdivision  of  the  circles  presents  no  point 
of  special  interest,  not  brought  out  in  what  precedes. 
The  multiples  of  3°  were  next  divided  into  single  degrees. 

(Continued 


There  were  read  18  series,  each  containing  30  sets  of  8 
readings,  till  in  one  ipiadrant.     Each  set  began  and  turned 
upon  a  multiple  of  3°  on  Circle  A,  Circle  Y>   having  been 
rotated  1°  at  the  beginning  of  each  series.     The  equations 
were  solved  in  two  sets  of  normal  equations,  and  also  in  a 
final  set  comiirehending  all  the  material.     The  solutions 
were  practically   rigorous  in  this  as   iu  all  i)receding   in- 
stances.    AUlumgh  there  were  120  normal  eipiations  con- 
taining 120  unknown  quantities,  the  final  solution  by  suc- 
cessive approximation  (from  predicted  first  values)  correct 
to  the  third  decimal  jilace,  occupied  le.ss  than  a  week  for 
the  three  sets  of  normal  eciuatious.     From  the  120  pairs  of 
values,  the  probable  error  of  the  adopted  means  for  1°  arcs 
is  ±  0".032  (by  squares).    The  average  difference  between  the 
two  halves  was  0".075;  the  largest  ditt'erence  was  0".2(;;  and 
only  13  of  the  120  differences  amounted  to  0".15,  or  more. 
The  determination  for  multiples  of  20'  required  the  solu- 
tion of  three  sets  of  3G0  normal  eiiuatious  containing  3()0 
unknown  quantities,  one  for  each  half  of  the  observations 
and  one  for  the  final  summary.     These  equations  were  de- 
rived from  12  series,  of  90  sets  each,  precisely  like  those 
for  the  1°  arcs,  except  that  the  interval  was  only  20'  instead 
of  1°.     There  were  4320  e<iuations  of  condition.     Compar- 
ing the  solution  from  the  two  halves,  the  mean  difference 
of  the  results  for  Circle  A  was  0".094,  and  for  Circle  B,  0".0(i(). 
The  probable  error  (from  squares)  of  the  adopted  determi- 
nations for  Circle  A  was  ±0".040,  and  for  Circle  B  it  was 
±  0".030.  The  difference  of  precision  might  be  accounted  for 
by  supposing  that  the  observers  on  Circle  A  measured  with 
the  same  precision  (systematically)  as  in  their  measures  for 
the  1°  arcs,  while  those  for  Circle  B  decidedly  improved. 
In  the  determination  of  the  20'  arcs,  the  largest  difference 
between  any  pair  of  results  for  the  same  point,  from  the  two 
halves,  was  0".28  ;    there  were  15  differences  for  Circle  A, 
and  3  for  Circle  B,  that  were  greater  than  0".2  ;  and  in  307 
instances  out  of  3G0  (1 39  for  Circle  A,  and  168  for  Circle  B) 
the  differences  were  less  than  0".15. 

I  am  satisfied  that  the  determinations,  both   for  the  1° 

and  the  20'  arcs,  would  have  been  decidedly  more  precise, 

and  less  liable  to  systematic  error  had  each  set  consisted  of 

14  readings  instead  of  8,  with  a  saving  of  one  in  eight,  as 

I  to  the  number  of  readings. 

in  No.  383.) 


OX    THE    \'AKIABU.ITY   OF    ((ir,4f))  —LYEAE   (andersox), 

I5v  PAUL  S.  YEXDELL. 
The  probable  variability  of  this  star  was  announced  by 
AsDKKsox,  in  No.  ."{329  of  the  Astronomisihe  -Xufhric/iten. 

Since  May  "  of  the  current  year,  I  have  six  observations 
of  the  star,  which  appear  to  place  its  variability  beyond 
question. 

They  are  as  follows  : 
Dorchester,  Mass.,  1896  August  9. 


1890  May    7 

glimpsed 

12" 

12 

not  seen  : 

limit,  <11" 

27 

it           ct 

'•      <10>> 

July  12 

glimpsed 

12" 

Aug.    4 

9  ".5 

8 

9".4 
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DOUBLE-STAR   OBSERVATIONS, 


>\.\T>K    WITH    TIIK    Ii;-IN(1I    KKKHACTOU   AND    FILAR   MICUOMKTKK   Ol'    GOODSELL    OBSKBVATOKY,    NOIiTIIFI  KI.I),    MINN. 

By  F.  p.  LEAVENWORTH, 
[f^omimmicatecl  by  the  Director,  W.  W.  Paynk.] 


The  following  observations  ol'  doiililc  stars  were  made 
by  Trofessor  F.  P.  Leavkn'wouth  ut'  the  State  University 
of  Minnesota  (formerly  Dii'ector  of  JIaverford  College  Ob- 
servatory), while  spending  a  part  of  the  summer  vacation 
of  1893  at  Northtield.  The  observations  were  made  in  the 
same  manner  as  those  by  the  same  observer  at  Haverford 
and  at  the  Leander  McCormick  Observatory,  which  have 
been  published.  Generally  four  measures  of  position-angle 
and  two  measures  of  double  distance  were  taken  on  each 
night.  The  eyes  were  placed  either  parallel  or  normal  to 
the  line  joining  the  stars.  The  m,agnitudes  of  the  stars 
were  estimated  independently  on  each  night. 

The  defining  power  of  the  Ki-iuch  telescope  is  most  ex- 


cellent, so  that  on  a  fairly  good  night,  stars  of  0".h  distance 
are  easy  objects,  and  on  the  best  nights  the  diffraction  discs 
of  stars  of  0".3  distance  are  clearly  separated.  A  magnify- 
ing i^ower  of  GOO  was  used  in  all  the  measures. 

Most  of  the  stars  are  from  a  list,  furnished  by  Mr.  S.  W. 
BuBNHAM,  of  his  own  stars,  which  had  been  measured  but 
once  or  not  at  all  before,  or  had  been  found  to  give  evidence 
of  motion.  A  few  of  the  Struve  stars  were  observed  to 
till  up  the  time.  The  aim  was  to  observe  each  star  on  three 
nights,  but  as  Mr.  H.  C.  Wilson  was  working  on  the  same 
list,  in  many  cases  the  two  observers  measured  the  same 
star,  each  on  two  different  nights.  Mr.  Wilson's  residts 
will  be  published  later. 


.Star'.s 

1!.A. 

Decl. 

Position 

Dis- 

No. 

Ma 

srni- 

name 

1900 

1900 

Year 

angle 

tance 

obs. 

tudes 

^1820 

It           111 

14  10 

+  55^48' 

1893.519 

72.4 

2.19 

*> 

M 

8.0 

8.3 

13    238 

14  28 

-20  36 

.475 

90.6 

6.94 

1 

^1865 

14  36 

+  14     9 

.528 

277.5 

o.;u 

2 

4.0 

4.1 

0^  285 

14  42 

+  42  48 

.518 

3.32.3 

0.29 

2 

Eq 

ual 

^1032 

15  14 

+  27  12 

.541 

320.2 

0.81 

') 

6.0 

6.1 

2"  1937 

15  19 

+  30  39 

.502 

242.8 

0.50 

3 

6.0 

6.1 

21998  AB 

15  59 

-11     6 

.510 

210.9 

0.88 

2 

5.0 

5.2 

AB-C 

.510 

67.2 

7.4;! 

•> 

7.0 

22032 

16  11 

+  .34     7 

.489 

210.4 

4.09 

1 

6.0 

7.5 

220.-).j 

16  26 

+   2  12 

.5.34 

48.8 

1.43 

2 

4.0 

5.2 

A      15 

16  41 

+  43  40 

.542 

347.6 

0.44 

2 

8.0 

8.4 

/J1117 

16  51 

—  22  59 

.504 

270.6 

0.56 

2 

6.1 

6.4 

23107 

16  54 

+   46 

.522 

97.0 

1.32 

2 

8.0 

8.3 

22130 

17     3 

+  54  36 

.534 

335.2 

2.32 

2 

5.0 

5.1 

H.C.W.  AB 

17  13 

+  26  41 

.489 

40.8 

0.60 

1 

8.0 

9.5 

2-2173 

17  25 

-   0  59 

.546 

157.4 

1.14 

1 

13  82(i 

18     3 

+   9  45 

.520 

333.2 

0.59 

2 

9.8 

9.9 

P  638  AB 

18     5 

+   2  34 

.513 

152.1 

21.86 

3 

8.4 

9.2 

BC 

,        , 

.505 

5.5 

1.48 

4 

12.2 

13  285  AB 

18  11 

-25     2 

.549 

319.1 

1.57 

1 

7.5 

9.8 

13  135 

18  32 

-14     6 

.539 

187.6 

2.24 

2 

7.0 

12.5 

/3  9G7 

18  35 

-14  36 

.541 

191.1 

2.33 

3 

7.8 

11.8 

13   971 

18  45 

+  49  19 

.518 

107.0 

0.25  est. 

2 

13  421  AB 

18  49 

+  43  16 

.494 

288.5 

0.90 

2 

9.0 

9.2 

13  972  AB 

18  51 

-  0  42 

.496 

5.4 

0.94 

2 

8.6 

9.4 

AB-C 

.496 

14.2 

73.48 

o 

9.0 

;8   648 

18  53 

+  .32  47 

.490 

240.2 

1.40 

2 

6.0 

8.8 

p   142 

19  23 

-12  21 

.489 

330.8 

1.53 

3 

7.4 

7.9 

/8   143 

19  27 

+  49  18 

.512 

192.9 

2.15 

3 

7.8 

8.7 

13  147 

19  42 

+  31  52 

.541 

297.6 

8.86 

3 

8.3 

9.3 

13  979 

19  48 

+  23     1 

.536 

335.9 

2.25 

4 

8.1 

11.5 

(3   149  AB 

19  54 

+  16  13 

.546 

278.6 

126.57 

3 

6.5 

9.9 

BG 

. 

.544 

199.8 

8.32 

4 

12.5 

/3   42(i 

20     1 

+  54  22 

.496 

310.1 

5.71 

3 

8.1 

10.7 

13  427 

20     1 

+  54  24 

.496 

335.7 

2.93 

3 

8.3 

10.4 

13   150  BC 

20     7 

+;;3  20 

.515 

187.7 

1.85 

3 

8.0 

9.8 

(3   430  AB 

20     8 

+  35  32 

.516 

21.1 

0.98 

3 

8.9 

lo.o 

AC 

.549 

52.5 

17.15 

1 

9.3 

/3   982 

20     8 

+  2(;     4 

.515 

50.1 

0.81 

3 

9.1 

10.3 

■  p  441 

20  13 

+  28  50 

.515 

65.6 

5.93 

3 

6.3 

11.5 

;S   670 

20  28 

+  13  36 

1893.515 

47.3 

0.53 

3 

8.5 

8.9 

19G 
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Star's 
name 

l.-.l  Al? 

CI) 
i:.-! 

7-1 
.S74 

llS'.t 

-1 7(1 
'.IDI 
477 


4."')0AC 

;iSL' 

7!) 
SO 

/3iL>(;(;  A15 

/3   7L'(l 
(3   7.!.S 


R.A. 
1900 
h        m 

L'o  .s;i 

20  4."> 

I'l      L' 

I'l  40 

L'l  40 

TJ  10 

22  10 

22  11 

22  o5 

22  40 

22  49 

23  12 
2:?  14 
23  2.") 
23  29 

23  r.7 


Decl. 
1000 

+  14   15 
+  .")(»     7 

-10  .■•- 
+  20  .-.7 

+r>o  ."3 

+  2.-.  11 

+30  r.4 

+  .V_'  4 

+  30  il.j 

+  40  51 

+  3S  57 

+  44  13 

-   2  4 

+   4  52 

+  30  17 

+  30  47 

+  2(5  34 


Year 

1893.520 
.550 
.549 
.530 
.533 
.541 
.513 
.543 
.548 
.543 
.54(5 
.535 
.528 
.541! 
.546 
.546 
.546 

1893.546 


Position 
angle 

339!2 
127..-. 
1.2 
114.9 
319.9 
141..-! 
121.0 
92.5 
1  1.-!.  1 

201.9 
231.8 
221 ..". 

87.7 
328.0 

65.9 
331.3 


Dis- 
tance 

0.58 
1.24 
1 .35 
1.88 
1 .32 
1.86 
0.29 
2.57 
(•..■7 
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ON    Till-]    \'AKLVTI()X    OF    THE    PERSONAL    EQUATION 
MAGNITUDE    OF     THE    STARS    OBSERVED. 

By  JOHN   T.    HEDKICK,  S.J.,  Assistant. 
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The  following  table  may  be  of  interest  in  connection  with 
some  estimates  that  have  been  [lublisheil  lately  of  the  effect 
of  tlie  personal  equation  on  the  right-ascensions  of  stars  of 
different  magnitudes.  The  quantities  contained  in  it  are 
the  eorrectious  to  the  various  catalogues  mentioned,  whicli 
were  given  by  a  series  of  photographic  observations  of 
transits,  carried  out  at  this  Observatory  by  the  Eev.  Geo.  A. 
Faruis,  S.J.,  according  to  a  method  devised  by  him.  It  is 
copied  from  an  accomit  of  the  series  about  to  be  jniblislied. 
No  corrections  have  been  applied  to  these  quantities  on  ac- 
count of  systematic  differences  depending  on  tlie  right- 
ascension  or  declination,  but  except  for  lirst-magnitude 
stars,  such  corrections  could  make  no  essential  change  in 
them  on  account  of  the  general  uniformity  of  distribution 
of  the  stars. 

The  catalogues  are:  the  Berlin  Jnlninnh.  the  Greenwich 


Observations  for  1889,  the  Greenwich  Catalogue  of  Clock- 
stars from  12-hour  groups  (from  the  introduction  of  the 
10-year  Catalogue),  and  the  Madison  Meridian-Circle  Cata- 
logue from  observations  in  1887-1892.  The  second  column 
for  each  catalogue  contains  the  number  of  common  star.s. 

The  Madison  observations  seem  the  best  adapted  to  show 
the  effect  of  personal  equation,  as  they  rest  on  the  same 
fundamental  right-ascensions  as  the  photographic  observa- 
tions, namely,  those  of  the  Jahvbuch,  and  are  tlie  work  of 
only  three  observers,  and  in  great  part  of  a  single  observer. 
The  number  of  common  stars  is  also  greater  for  it.  If  tlie 
tirst-magnitude  stars  are  neglected,  the  remaining  mean 
corrections  for  Madison  may  be  explained  by  a  change  in 
the  personal  equation  of  about  O'.OIS  for  each  wliole  magni- 
tude, the  brighter  stars  being  observed  visuallj-  too  early 
relatively  to  the  fainter  ones. 
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11 

3.0 

-0.012 

31 
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15 
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11 

-0.004 

29 

3.4 

-0.005 

37 

+0.016 

11 

+  0.031 

10 

-0.005 

32 

Georgetoicn  College  Observatory,  1896  Aug.  10. 


NOTICE. 
A  few  copies   of   the  Astninomisrhe  Karhru-hten,  vols.  100  to   140    inclusive,  forty-one  volumes    in    all,    may  be 
obtained  for  §75.00  the  set,  on  application  to  the  Editor  of  this  Journal,  at  Cambridge.     The  regular  price  is  very 
much  higher. 
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AXD     DIYISIOX-COKRECTIOX 
MERIDIAN    INSTRUMENT 

By  LEWI.S   boss. 
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(Continued  from  Xo.  AS2.) 
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Some  testimony  as  to  the  systematic  and  casual  errors  of 
this  investigation  can  be  derived  from  a  comparison  with 


52     0 

+  0.38 

-0.17 

20 

+  0.57 

+  (».02 

40 

+  0.58 

—0.08 

53     0 

+  0.48 

—  0.30 

20 

+  0.04 

-0.30 

40 

+  0.40 

-0.08 

54     0 

+  0.40 

-0.12 

20 

+  0.77 

—  0.28 

40 

+  0.54 

-0.21 

55     0 

+  0.50 

—  0.28 

20 

+  0.53 

-0.25 

40 

+  0.17 

-0.21 

56     0 

+  0.40 

-0.29 

20 

+  0..-.5 

—  0.03 

40 

+  o.;!l 

-0.40 

57     0 

+  0.49 

-0.35 

20 

+  0.75 

-0.17 

40 

+  0.73 

—  0.48 

58     0 

+  0.49 

-0.34 

20 

+  0..-.7 

-0.17 

40 

+  0.68 

—  0.58 

59     0 

+0.62 

-0.21 

20 

+  0.43 

-0.08 

40 

+  0.21 

-0.38 

60     0 

+  0.44 

-0.09 

20 

+  1.03 

-0.18 

40 

+  0.73 

-0.28 

CI     0 

+  0.17 

-0.31 

20 

+  0.31) 

-0.34 

40 

+0.12 

-0.38 

62     0 

+  0.27 

-0.23 

20 

+  0.22 

-0.25 

40 

+  0..39 

-0.37 

63     0 

+  0.15 

-0.46 

20 

+  0.08 

-0.27 

40 

-t-o.o7 

-0.51 

64     0 

+  0.23 

-0.41 

20 

-0.04 

-0.24 

40 

-0.15 

-0.49 

65     0 

+  0.37 

-0.11 

20 

+  0.19 

-0.12 

40 

+  0.20 

-0.41 

66     0 

+  0.17 

-0.18 

20 

+  0.10 

-0.07 

40 

—  0.04 

-0.30 

67     0 

+  0.24 

-0.35 

20 

+  0.28 

-0.36 

40 

+  0.20 

-0.46 

68     0 

+  0.15 

-0.34 

20 

+0.33 

-0.16 

40 

+  0.26 

-0.42 

69     0 

+  0.09 

-0.08 

20 

+  0.22 

-0.07 

40 

+  0.18 

-0.12 

70     0 

+  0.02 

-0.13 

20 

—  0.09 

-0.04 

40 

-0.11 

-0.27 

71     0 

-0.18 

-0.24 

71 

20 

+  0.11 

40 

-0.1.3 

72 

0 

-0.12 

20 

-0.14 

40 

-0.51 

73 

0 

—  0.09 

20 

-0.23 

40 

—  0.59 

74 

0 

—  0.02 

20 

+  0.02 

40 

-0.29 

75 

0 

+  0.45 

20 

+  0.63 

40 

+0.35 

76 

0 

+  0.42 

20 

+  0.28 

40 

-0.10 

1    1 

0 

+0.49 

20 

+  0.48 

40 

+0.44 

78 

0 

+  0.28 

20 

+  0.41 

40 

+  0.18 

79 

0 

+  0.18 

20 

+  0.31 

40 

-0.07 

80 

0 

+0.19 

20 

+  0.44 

40 

+0.27 

81 

0 

+0.62 

20 

+0.32 

40 

+0.41 

82 

0 

+0.66 

20 

+0.37 

40 

+0.19 

83 

0 

+0.50 

20 

+0.31 

40 

+0.33 

84 

0 

+0.53 

20 

+0.70 

40 

+0.34 

85 

0 

+  0.34 

20 

+  0.37 

40 

-0.03 

86 

0 

+0.11 

20 

+0.32 

40 

+  0.11 

87 

0 

+0.41 

20 

+  0.56 

40 

+  0.17 

88 

0 

+0.36 

20 

+0.07 

40 

-0.06 

89 

0 

+  0.09 

20 

+  0.19 

40 

—  0.O6 

90 

0 

0.00 

the  results  obtained  for  the  same  circles  iu  1880.  The 
circle-microscopes,  now  in  use,  are  as  different  as  well  could 
be  from  those  of  1880.  The  objectives  and  micrometer- 
screws  are  different;  the  microscopes  are  much  shorter  than 
before;  and  the  magnifying  power  now  is  36,  while  it  was 
only  22  then.  The  former  investigation,  tliough  pains-taking, 
was  much  inferior  in  accuracy  to  that  of  the  present.  In 
1880  the  division-correction  was  determined  for  every  5°  of 
eacli  circle  ;  after  that  to  every  2°  30',  and  then  to  every 
50'  of  Circle  A,  and  to  the  same  limit  for  a  restricted  arc 
of  15.  Therefore  the  full  comparison  must  be  limited  to 
the  5°  points.  All  of  these  points  which  are  not  multiples 
of  15°  are  in  the  fourth  step  of  the  present  investigation, 
and  in  the  third  of  that  for  1880 ;  yet,  I  consider  the 
weight  of  the  old  values  to  be  certainly  not  greater  than 
one-half  that  of  the  recent  results.  The  zero  of  reference 
in  the  former  investigations  has  been  arbitrarily  altered  by 
the  addition  of  a  constant. 

CoMP.VKi.soN   iiF   Division   Correctiox.s   as   Determined 
IX  1880  AND  1895. 
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-0.19 

-0.20 

-0.11 

+0.02 

+  0.20 

-0.15 

-0.13 

+  0.45 

+  0.03 

-0.01 

-0.06 

+  0.19 

—  0.02 

—  0.06 

—  0.02 

+  0.34 

—  0.06 

-0.14 

-0.14 

Diff. 

+  0.01 

—  o.lo 

+  U.09 

-0.02 
+  0.07 
-0.07 
-0.04 
-0.08 
+  0.05 
—0.05 
+  0.03 
+  0.03 
-0.05 
+  0.09 
+0.02 
-0.05 
+  0.04 
0.00 


The  probable  error  of  a  difference  for  Circle  A  is  ±0".075, 
and  for  Circle  B  ±0".039;  in  the  mean  ±0".057.  Under 
the  assumption  that  the  weight  for  1895  is  twice  that  for 
1880,  it  follows  that  the  probable  error  for  1880  is  ±  0".047, 
and  for  1895  ±  0".033,  with  the  probability  that  these  proba- 
ble errors  are  larger  for  Circle  A,  and  smaller  for  Circle  B. 

In  view  of  all  the  evidence,  the  real  probable  error  of 
the  corrections  deduced  in  1895  for  multiples  of  20'  may 
safely  be  assumed  to  lie  between   ±0".04  and  ±0".05. 

Another  point  brought  out  by  the  comparison  is  the  as- 
tonishingly small  errors  of  graduation  for  Circle  B.  One 
might  infer  from  the  occurrence  of  the  error  — 0".28  at  55° 
that  the  lines  for  multiples  of  10°  were  laid  down  first,  and 
that  the  odd  multiples  of  5°  were  drawn  in  subsequently 
by  bisection.     This  probabilitj'  is  somewhat  strengthened 


N°-  383 


TPIE     ASTRONOMICAL     JOURNAL. 


199 


by  inspection  of  the  cori'ection.s  for  Circle  A.  lu  a  letter, 
of  date  April  13. 18(51,  Pistou  and  Maktixs  .state  that  such 
was  the  procedure  they  followed  in  the  graduation  of  the  cir- 
cles for  the  Leiden  Observatory  {Leiden  Annuls,  vol.  1,  p.ciii). 
If  we  supijose  the  errors  of  separate  lines  to  be  twice  a.s 
great  as  for  the  mean  of  four  microscopes,  then  it  appears 
that  the  error  committed  in  laying  down  the  fundamental 
lines  (mnltiples  of  5°)  for  Circle  B  was  in  the  mean  only 
0.38;ii  (or  in  inches,  0.000014) ;  a  fact  which,  in  connection 
with  a  comparison  of  this  circle  with  the  best  examples  of 
the  art  of  graduation  that  have  been  subjected  to  sufficiently 
accurate  investigation,  leads  to  the  belief  that  the  artist 
who  graduated  this  circle  was  entitled  to  stand  in  the  verj' 
foremost  rank. 

For  Circle B  there  is  no  evidence  of  a.p[ireciable  systematic 
error  in  the  means  of  subdividing  arcs  of  5°  into  degrees; 
nor  in  Circle  A  is  there  any  clear  evidence  to  that  effect, 
though  the  interval,  5° -4°,  appears  to  be  too  short  in  the 
mean  hy  about  ()".2. 

In  the  letter  of  1801  to  the  Director  of  the  observatory 
at  Leiden,  already  cited,  Pistok  and  Martins  state  that 
the  subdivisions  of  the  degrees  on  the  Leiden  circles  was 
effected  by  means  of  a  graduated  scale  {Klwppe),  one  degree 
in  length,  which  was  copied.  It  is  highly  probable  that 
the  subdivision  of  degrees  on  the  circles  of  the  Pistok  and 
Maetixs  instrument  here  in  question  (Avhich  was  made  in 
1856)  was  accomplished  in  the  same  waj*.  The  space  from 
0'  to  20'  for  Circle  A  is,  in  the  mean,  0".026  too  short;  and 
for  Circle  B,  it  is  0".042  too  short.  Small  as  these  quanti- 
ties are  —  they  might  with  entire  justice  be  termed  insig- 
nificant—  they  appear  to  be  real.  The  space,  40'-20', 
upon  Circle  A  appears,  in  the  mean,  to  be  too  long  by 
0".134;  and  the  same  space  for  Circle  B  is  0".193  too  long. 
71  out  of  90  spaces  for  Circle  A,  and  84  out  of  90  for 
Circle  B,  confirm  this  conclusion.  This  fact  was  noticed 
before  I  had  found  out  anything  definite  as  to  the  methods 
of  graduation  which  Pistok  and  M.^ktins  used;  no  one 
could  have  overlooked  the  facts,  as  presented  in  the  com- 
putations. The  evidence,  in  a  condensed  form,  is  presented 
in  the  following  table,  where  the  correction  of  the  spaces, 
20'-0'  and  40-20',  are  given  for  both  circles  in  groups  of  ten. 

Systematic  Cokkectiox  of  20'-Spa(es. 


20'-0' 


40'-20' 


R 

A 

B 

A 

B 

O          0 

// 

/' 

II 

n 

O-IO 

—  O.Oo 

+  o,o.-> 

+  0.01 

-0.22 

10-20 

+  0.02 

+  o.O(; 

—  0.16 

—  0.20 

20-;{0 

+  0.07 

+  0.04 

—  0.07 

—  0.20 

,S(  l-4< ) 

+  0.02 

+  0.04 

-0.18 

—  0.22 

4o-r)(i 

—  0.04 

—0.0.". 

-0.15 

-0.18 

.50-60 

+  0.15 

+  0.09 

-0.10 

-0.16 

60-TO 

+  0.05 

+  0.o.~. 

—  0.08 

-0.17 

70-80 

+  0.03 

+  0.04 

-0.26 

—  0.20 

80-90 

-0.02 

+  O.03 

—  0.20 

-0.19 

There  is  evidence  here,  not  only  of  marvelous  accuracj' 


in  copying  single  divisions,  but  ahso  of  most  scrupulous 
fidelity  in  the  general  adjustments.  For  example,  a  shifting 
of  the  radial  distance  of  the  reference-i)oints,  on  the  scale 
to  be  copied,  of  no  more  than  0.02  mm,  would  be  suf- 
ficient to  alter  the  space  40'-0'  by  0".l.  Of  the  individual 
spaces  of  20' measured  on  Circle  B,  ISO  in  number,  and 
each  really  the  mean  of  4  spaces,  the  differences  of  105 
from  the  respective  mean  values  were  0".l,  or  less;  for  54 
were  the  differences  between  0".l  and  0".2;  for  16  between 
0".2  and  0".3 :  and  in  (inly  5  instances  did  the  space  .seem 
to  differ  by  more  than  0".3  from  its  mean  value.  After 
making  due  allowance  for  the  error  of  this  investigation,  I 
estimate  the  probable  error  of  a  space  (mean  of  four  spaces) 
in  the  subdivision  of  degrees,  as  laid  down  by  Pistor  and 
jMaktins  to  be  ±0".08.  This  leads  to  the  conclusion  that 
the  probable  error  of  copying  for  a  single  space  was  only 
±0".1(!,  or  in  linear  measure,  0.37/a;  and  that  the  coi)ying 
error  for  a  single  line  was  ±0".ll,  or  ±0".06  for  the  mean 
of  four  microscopes.  This  would  mean  that,  whenever  the  . 
constant  correction  due  to  the  setting  of  the  scale  is  known, 
as  well  as  the  absolute  errors  of  tiie  scale  itself,  the  division- 
correction  for  any  subdivision  of  a  degree  (mean  of  four  mi- 
croscopes) could  be  predicted  with  a  probable  error  of  ±  0".06. 
As  to  the  errors  of  the  scale,  or  the  systematic  errors  in 
the  subdivisions  of  20',  some  slight  evidence  already  exists. 
In  1880,  the  division-correction  for  every  2'  within  the  arc 
37°  20'  to  42°  0'  of  Circle  A,  and  for  the  corresponding  arcs 
in  the  other  three  quadrants,  was  determined  with  a  fair 
degree  of  acciiracy.  In  order  to  compare  these  results  for 
ascertaining  what  testimony  they  offer  in  relation  to  sys- 
tematic errors,  I  have  referred  the  corrections  in  each 
degree  to  the  mean  of  the  0',  20'  and  40'  marks,  — i.e.,  the 
sum  of  the  division-corrections  for  those  marks  has  been 
made  equal  to  zero.  The  first  four  columns  of  results  in 
the  table  are  the  means  of  the  outstanding  corrections  for 
the  corresponding  degrees  in  the  four  quadi'ants  (as  38°, 
128°,  218°,  and  308°).  In  the  last  column  of  the  subjoined 
table  is  given  the  mean  of  the  16  degrees,  four  in  each 
cjuadrant ;  and  the  quantities  in  this  column  are  attributable 
to  the  errors  of  the  scale,  so  far  as  they  are  not  the  result 
of  mere  accident,  either  in  cojjying  the  scale,  or  in  the  sub- 
sequent determination  of  the  errors  of  the  graduations. 
From  the  measures  of  1895  just  described,  the  corrections 
necessary  to  reduce  the  marks  0',  20'  and  40'  to  the  zero 
assumed  in  the  following  table  are  respectively,  +0".04, 
+  0".08,  — 0".12;  by  chance,  the  corrections  found  in  the 
table  are  almost  identical  with  these ;  and  this,  so  far  as  it 
goes,  indicates  that  the  other  numbers  may  not  be  wholly 
illusory. 

Recurrence  of  Error  withi 

88°  39° 

0  +0.01        +o,o;! 

2  +0.10  +0.24 


i    WITHIN 

A  Degree 

40° 

41° 

Means 

-0.04 

+  0.18 

+  0.04 

+  0.18 

+  0.09 

+  0.15 
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38° 

4  +o'oi 
0  +(i.o;» 

5  +0.10 
10  -0.1."i 
12  +0.(11) 

14  +0.1:5 

ic.  +0.02 

15  +0..">t) 
L'O  +0.L'2 
'j-2  —0.(14 
1'4  -0.12 
2C.  -O.l.S 
2S  +0.0<) 
.'iO  -O.li) 

:v2  -o.U) 

.-54  -0.20 

;}(;  -0.44 

.•{.S  -(t.2'.t 

40  -0.24 

42  —  o.:;o 

44  -0..S2 

4(;  -0..-)2 

4.SI  '_(i.;?;i 

;-,()  —  o.(;.s 

r,-2  -0..U 

r.4  -(•..".! 

r,i\  —0.44 

58  -0.28 


40° 


41<: 


Moans 


+  o'.OS 
+  0.22 
+  0.04 
0.00 
+  0.12 
+  0.14 
+0.24 
+  0.20 
+  0.04 
—  0.02 
-0.19 
-0.06 
+  0.12 

+0.0,S  —0.02 

+  0.13  +0.08 

+0.11  0.00 

_0.16  -0.22 

-0.10  +0.05 

-O.OS  +0.02  -0.13  -0.11 
_0.18  —0.04  —0.28  —0.20 

-0..S2  -O.;{0  —0.33  —0.32 

_0.;{(i  -0.37  -0.24  -0.37 
-0.13  -0.24  -0.12  -0.20 

-0.23     *    -0.40  -0.34  -0.41 

-0.15  -0.50  -0.34  -0.33 
-0.19  -0.38  -0.44  -0.38 
-0.02         -0.24         -0.31  -0.25 

+  0.10         —0.42         -0.11  -0.18 


—0.02         -0.22  —0.04 

_0.03         -0.03  +0.0S 

+  0.15         — O.O'.i  +O.05 

—0.23         —0.50  —0.22 

0.00          -0.15  +0.02 

+0.02          -0.08  +0.05 

+  0..35          +0.15  +0.2() 

+  0.23          +0.08  +0.28 

+  0.10          -O.o;!  +0.08 

-0.01          -0.1(>  -0.08 

-0.22          -0.2()  -0.20 

-0.18          -0.23  -0.15 

+  0.20          +0.07  +0.12 

+  0.08  -0.01 

—0.04  0.00 

_0.14  -0.00 

-0.33  -0.2'.) 

-0.28  -O.K) 


The  mean  probable  error  of  the  mnnbers  in  the  final 
cohimn  of •  the  foregoing  table  is  nominally  ±0".043;  but 
the  real  probable  error  is  very  likely  greater. 

There  were  also  other  measures  in  1880  of  the  space 
'50'-0',  at  every  multiple  of  5°  of  Circle  A,  and  for  two 
such  points  on  Circle  B.  In  the  mean  of  20  spaces,  each 
the  mean  of  four  quadrants,  the  relative  correction  of  50', 
referred  to  0',  is  —  0".24  ;  15  out  of  the  20  measures  gave 
negative  determinations  of  this  quantity,  and  the  largest 
positive  difference  was  +0".13,  the  mean  of  the  five  being 
only  +0".06.  Reduced  to  the  zero  of  the  foregoing  table, 
the  systematic  correction  for  50',  as  here  deduced,  is  — 0".20. 
If  this  be  assigned  the  weight  of  3  against  unity  for  the 
value  — 0".41  from  the  table,  we  have  —  0".25  as  the  sys- 
tematic correction  for  50'. 

I  conclude  that  a  scale  was  undoubtedly  used  in  the  sub- 
division of  degrees  on  the  Albany  circles ;  that  the  same 
scale  was  used  for  both  circles  ;  and  that  it  was  copied  with 
very  great  fidelity  throughout.  Were  the  errors  of  this 
scale  known,  in  connection  with  the  information  we  now 
have  as  to  the  errors  for  every  20',  I  am  convinced,  that 
little  occasion  for  apprehension  as  to  the  outstanding  errors 
would  remain.  The  systematic  errors  of  subdivisions  of  a 
degree  evidently  deserve  further  attention. 

The  method  here  employed  is  probably  more  laborious 
than  is  the  iisual  metliod  for  tlie  same  degree  of  apparent 
accuracy.  Two  observers, one  for  each  circle,  are  practically 
necessary  in  the  method  pursued  in  the  present  investiga- 


tion. In  that  method  are  to  be  feared  torsion  of  the 
instrumental  axis,  differing  strains  and  distortions  upon  the 
circles  due  to  alterations  in  the  temperature  or  to  too  rapid 
rotation  of  the  circles,  and  possibly  other  sources  of  dis- 
placement or  error,  tending  to  change  the  ob.served  relations 
of  the  circles  to  each  other  during  the  progress  of  a  set. 
Errors  of  this  description  apparently  presented  themselves 
in  some  degree  in  the  course  of  the  present  investigation ; 
so  that  it  became  clearly  advisable  to  move  the  instrument 
with  the  greatest  delicacy  and  caution,  and  to  limit  the 
duration  of  a  set  to  half  an  hour  when  practicable.  On 
the  other  hand,  these  and  other  errors  did  not  appear  to  be 
materially  greater  for  sets  twenty-five  to  thirty  miiuites 
long  than  they  were  for  those  of  less  duration. 

In  one  sense,  there  is  no  special  gain  in  knowin.g  the 
flexures  of  the  circles.  For  correcting  measurements  of 
zenith-di.stances,  it  is  desirable  to  know  the  total  effect  of 
flexure,  integrated  for  all  the  parts  of  the  instrument ;  and, 
to  be  of  value,  the  amount  of  this  flexure  must  be  ascer- 
tained by  some  method  which  determines  at  once  the  total 
resultant.  Where  there  are  two  circles,  however,  this  total 
flexure  may  be  different,  according  as  one  or  the  other  circle 
is  used,  and,  therefore,  the  knowledge  of  the  flexures  of  the 
circles  is  interesting  and  valuable  as  a  check  upon  the 
measures  of  flexure  in  general. 

On  the  other  hand,  the  metliod  emploj'cd  in  the  present 
investigation  seems  to  me  to  possess  some  decided  advan- 
tages over  the  usual  method.  The  most  important  of  these 
advantages  is  that  the  investigation  by  the  method  here 
employed  is  carried  out  with  the  same  microscopes,  in  the 
same  adjustment,  and  with  the  same  system  of  illumina- 
tion, as  in  the  ordinary  use  of  the  instrument.  All  who 
have  attempted  a  tliorough  determination  of  division- 
correction  will  ai')preciate  this  point.  A  second  important 
advantage  of  this  method  is  found  in  the  facility  with  which 
variation  in  the  circumstances  of  determination  for  a  par- 
ticular arc,  or  series  of  arcs,  can  be  devised  and  applied. 
Mere  repetition,  without  variation  of  the  process,  in  the 
measurement  of  these  small  quantities,  is  of  little  use.  By 
judicious  arrangements,  in  the  employment  of  this  method, 
the  systematic  accumulation  of  constant  errors  in  the  suc- 
cessive subdivision  of  arcs  can  be  to  a  large  extent  avoided. 

The  principal  sources  of  error  in  work  of  this  kind  are 
those  arising  from  almost  necessarily  defective  illumination 
of  the  circles,  with  which  personal  errors  are  also  closely 
associated :  those  which  originate  in  the  defects  of  microme- 
ters; and  those  which  are  due  to  changes  of  temperature. 
No  claim  to  superior  skill  in  dealing  with  these  and  similar 
sources  of  errors  can  be  made  for  the  present  investigation  > 
yet,  with  onty  a  moderate  degree  of  skill,  the  worst  of  the 
effects  may  be  avoided.  I  am  confident  that  the  exjiectation 
of  obtaining  in  the  final  results  of  anj'  such  investigation 
a  degree  of  precision  at  all  comparable  to  that  which  might 
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have  ht'eii  pi'e<U(_-ted  from  tlif  [irohahle  error  of  a  siujile  sot- 
ting of  the  microiiieter  is  sure  to  be  di.sappointeil.  In  the 
present  investigation,  the  ]irolja.l)le  error  of  snch  setting 
averaged  about  ()".1.S.  Hail  lliis  l)een  tlie  only  source  of 
error,  the  final  results  sliouhl  have  had  less  than  half  the 
probalile  errors  that  were  actually  found.  At  any  one  set- 
ting of  tlie  circles  it  was  deemed  (juite  sufficient  to  make 
two  "  bisections  "  in  each  microscoi)e  and  to  make  these  in 
successive  roniids,  — a  plan  which  was  uniformly  followed 
tlu'oughont  the  work.  One  should  always  remember,  also, 
tiiat  these  complaints  about  inaccuracies  and  systematic 
errors  really  refer  to  very  small  linear  quantities.  The 
habit  of  dealing  constantly  with  the  second,  and  even  the 
third,  decimal  of  seconds  in  such  investigations  is  mislead- 
ing to  the  jiulgement.  On  our  circles  0".l  is  only  O.'JS/j.  in 
linear  measure;  only  about  the  one-thousandth  part  of  the 
breadth  of  the  vertical  line  in  the  figure,  "  1,"  here  printed. 
A  concrete  view  like  this,  after  attentive  consideration, 
may  tend  to  restore  the  proper  balance  between  over- 
sanguine  and  over-skeptical  views. 

This  investigation  has  left  an  impression  on  my  mind 
favorable  to  circles  of  larger  diameters  than  those  which 
are  usually  provided  in  connection  with  meridian  instru- 
ments. The  difficulties  of  ultimate  accuracy  in  measure- 
ment upon  the  circles  are  essentially  linear  rather  than 
angular.  Two  objections  to  large  circles  may  have  some 
force.  The  difficulty  of  securing  homogenous  construction, 
symmetry  of  form  witli  ecjimlity  in  density  and  strength  of 
the  separate  parts,  may  increase  so  fast  with  the  radius, 
that  the  higher  terms  of  flexure  might  become  sensible. 
In  my  judgement,  it  makes  very  little  difference  whether 
this  flexure  is  0".l  or  1".0,  so  long  as  it  accurately  follows 
the  theoretical  law ;  and  I  should  be  inclined  to  believe  that 
sufficiently  perfect  circles,  in  this  respect,  are  within  the 
compass  of  modern  mechanical  art,  \\\)  to  a  radius  of  one 
meter  at  least.     The  second  objection  is,  that  large  circles 


are  inconvenient  in  the  ordinary  use  rif  the  instrument. 
This  is  an  objection  of  some  moment.  As  to  the  effe(tts  of 
change  of  temperature  upon  circles,  it  is  difficidt  to  see 
why  they  should  be  angularly  larger  for  a  large  circle  than 
for  a  small  one.  So  far  as  the  employment  of  meridian 
circles  to  measure  the  zenith-distances  of  celestial  l)odies 
is  concerned,  with  careful  usage,  merely  casual  error  of  the 
circle-readings  probably  may  not  constitute  a  very  important 
part  of  the  entire  casual  error  of  observation.  Ther(!fore, 
the  advantage  to  b(!  gained  from  the  larger  circles  must 
rest  almost  wholly  upon  the  probability  that,  in  comparison 
with  snuill  circles,  their  errors  can  be  ascertained  both  with 
greater  facility  and  witli  gi-cater  ultimate  accuracy.  Fromj 
certain  [loints  of  view,  and  for  certain  purposes,  snch  deter- 
mination of  the  correction  for  division-error  may  be  con- 
sidered desirable.  This  would  be  especially  the  case  in 
fundamental  work.  For  example  :  in  certain  relations  of 
the  Albany  circles  to  the  zenith,  it  is  evident  that  a  discussion 
of  so-called  "R  — D"  oi)servations,  or  of  "west  — east" 
zenith  distances,  might  result  in  conclusions  altogether  mis- 
leading, if  the  observations  were  not  to  be  corrected  for 
division-error,  at  least  for  the  systematic  part  of  it.  Where 
many  thousands  of  stars  are  to  be  observed  within  the 
limits  of  a  narrow  zone,  the  determination  of  the  error  for 
every  line  will  be  demanded  and  justified  in  the  future  pro- 
gress of  astronomy. 

What  has  been  attained  in  the  jiresent  investigation 
would  not  have  been  possible,  without  the  cheerful  and  effec- 
tive cooperation  of  the  assistant  observers,  Authur  J.  Roy, 
William  B.  Varnum,  and  Johx  H.  Ogburx.  They  all 
labored  with  a  continually  renewed  personal  zeal  that 
prevented  the  work  from  degenerating  into  a  profitless 
routine.  Mr.  Varnum  performed  with  skill  the  larger  part 
of  the  computations  connected  with  the  formation  and  solu- 
tion of  the  equations.  All  the  results  were  duplicated,  or 
otherwise  verified,  by  other  computers. 


SOUTHERN^  AL  G  Oi-YARIABLES, 

Bv  ALEX.  WM.  ROBERTS. 
There  are  four  JZ(/o^ Variables  south  of  —.30°  at  present  known. 


Chandler 

Designation 

30.55 

X  Cdfhiae 

3416 

S  Velorum 

5949 

liArae 

6546 

B,S  Saijlttarii 

R.A.  (1900) 

II  111  S 

8  29  7 

9  29  27 
16  31  26 
18  10  59 

Full  elements  of  two  of  these,  S  Velorum  and  RS  Suf/iftarii, 
have  already  been  given  in  the  A.J.,  nos.  327, 349, 354  and  373. 

I  have  delayed  publishing  elements  of  the  remaining 
two,  X  Curinae  and  R  Avae,  in  the  hope  that  their  variation 
would  be  independently  confirmed  by  some  southern  ob- 
server. 


Declination 

-58°  53.2 
-44  45.9 
-56  47.6 
-34     8.5 


Lirait.s 

M  M 

7.90-8.65 
7.85-9.25 
6.85-7.83 
6.60-7.70 


Period 
d        I)       111 

0  12  .59.5 

5  22  24.3 

4  10  12.1 

2  9  58.8 


As  there  seems  little  immediate  prospect  of  this  being 
done,  I  do  not  tliink  any  good  purpose  would  be  served 
by  delaying  longer.  In  this  connection,  however,  I  would 
desire  to  express  my  great  indebtedness  to  Prof.  Pickering, 
Harvard.  With  that  generous  willingness  to  assist  which 
has  placed  many  workers  under  great  obligations  to  him, 
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lie  uiuleitook  an  examination  of  the  Aiequipa  plates ;  au 
examination  which  resulted  in  the  certain  contirmation  of 
the  variation  of  A'  Curiiiite  anil  R  Arae. 

The  Arequipa  measures  are  not  numerous  enoujjh  to  lon- 
Hrm  detiuitelj-  either  the  period  or  the  type  of  variation, 
and  I  would  accordingly  seek  to  bring  before  southern  ob- 
servers the  clamant  need  that  exists  for  independent  exami- 
nation of  X  Carlnne  and  K  Arae,  as  well  as  of  the  other 
interesting  short-period  variables  south  of  —30°. 

X  Corlnae,  Ch.  3055. 
Full  period  12"  59"-  3()-.5 

Constant  period  6"  20"' 

Liuiits  of  variation  7>'.90  to  8". 65 

Epoch  of  minimum  1900  Jan.  l-"  3M0'"  (Gr.:\r.T.) 

The  observations  would  seem  to  indicate  that  the  several 
minima  are  alternately  8". 65  and  8".62,  and  further  that 
the  brighter  minima  occur  about  two  minutes  nearer  to  the 
preceding  faint  minimum  than  to  the  succeeding  one. 

This  ai>parent  difference  is,  however,  so  slight,  and  the 
possibilities  of  systematic  error  in  the  determination  of 
star-magnitudes  so  numerous,  that  I  hesitate  to  consider  it 
a  real  characteristic  of  the  star's  variation. 

Such  variation,  if  proved,  would  indicate  that  X  Carinae 
is  composed  of  two  almost  equal  stars,  which  revolve  round 
one  another  in  jH-actically  a  circular  orbit  in  a  ])eriod  of 


II)'' 
1" 


12 


l-"  1'' 59'"  1";  the  line  of  sight  and  the  central  line  being 
nearly  coincident. 

R  Anie,  Ch.  5949. 
Full  period  4' 

Constant  period  4"' 

Limits  of  variation  6". 85  to  7*'. 80 

Epoch  of  minimum  19(»()  .Ian.  5"  7"  38"'  (Gr.M.T.) 

The  limits  of  variation  given,  6". 85  to  7 ".83,  are  the 
mean  limits.  Minima  have  been  observed,  however,  as 
high  as  7". 70,  and  as  low  as  8". 00,  and  under  conditions 
which  ]>reclude  the  possibilities  of  relative  po.sition  influ- 
encing the  determination. 

The  light-curve  is  symmetrical  on  each  side  (jI  the  mini- 
ma, an  expression  of  the  form 

(7''.83-;«„)   =   a  +l>t  +cf' 
satisfying  the  variation  before  and  after  minimum. 

Attention  may  be  called  to  the  change  introdui-eil  in 
reckoning  the  epoch  of  minimum  phase.  The  first  mini- 
mum of  1900  is  taken  as  the  refei-ence-date.  I  intend  to 
adopt  in  future  the  same  i)rinciple  in  dealing  with  the 
other  southern  variables  regularly  observed  here,  and  it 
would  secure  uniformity  if  future  corrections  to  the  time 
of  minimum  epoch  of  ^A/o/- Variables,  or  the  time  of  maxi- 
mum epoch  of  short-period  variables  south  of  —.SO",  were 
made  on  this  date. 


OliSEin'ATIONS    OF   VAH 

liv   PAX-I.   S. 

678.      L' Persei. 

A  series  of  thirty-one  observations  of  U  Persei,  extending 
from  1895  Sept.  15  to  1896  April  16,  is  of  interest  as  pos- 
sibly throwing  some  light  on  the  discordances  and  disagree- 
ments between  the  observations  of  different  observers,  and 
the  nature  of  the  large  irregularities  noted  in  the  remark 
on  this  star  in  Chandler's  Third  Catalogue. 

In  reducing  these  observations,  a  careful  revision  of  the 
entire  light  and  magnitude-scales  was  made.  The  resulting 
light-values,  when  plotted,  showed  a  very  curious  curve, 
having  three  distinct  crests,  with  two  decided  depressions 
between  them,  as  follows :  a  crest  of  8". 2  on  1895  Nov.  30, 
a  depression  of  9". 2  on  Dec.  15,  a  crest  of  8".2  on  Dec.  31, 
a  depression  of  9". 2  on  1896  Jan.  13,  and  a  crest  of  9".l 
on  Jan.  30. 

These  fluctuations  seem  to  be  of  altogether  too  great 
amplitude  to  be  attributed  to  errors  of  observation,  and 
any  one  of  the  crests  would  have  been  taken  for  the  maxi- 
mum if  from  any  cause  the  others  had  been  missed;  and 
tliis  appears  to  have  been  the  rule  in  the  maxima  previously 
observed  bj-  myself. 

To  ascertain  whether  the  occurrence  of  these  fluctuations 


TABLE   STARS,   18<l.l-lS9(i 

VEXDELL. 

presented  any  apinuacli  to  regularity,  I  re-reduced  all  my 
observations  of  the  star,  about  a  hundred  and  twenty  in  all, 
and  assembled  them  in  a  mean  light-curve,  using  the  elements 
given  by  Ciiaxdlku  in  his  Third  Catalogue.  The  normals 
formed  from  the  groujis  of  five  observations  each,  upon 
being  plotted,  show  a  crest  of  8". 46  on  the  fiftieth  day  be- 
fore the  computed  date  of  maximum,  a  depression  of  8". 76 
on  the  thirty-second  day  before,  a  second  crest  of  8". 40  on 
the  second  day  before,  a  second  depression  of  8". 80  on  the 
twenty-second  day  after,  and  a  third  crest  of  8". 50  on  the 
forty-second  day  after ;  the  rise  before  the  first  crest  and 
the  decline  after  the  third  being  rapid  and  uninterrupted. 
The  date  of  maximum  indicated  by  a  general  curve  which 
smooths  out  these  fluctuations  falls  on  the  sixth  day  before 
the  computed  date. 

A  general  curve  drawn  in  the  same  manner  through  the 
observations  of  1895-1896,  indicates  a  maximum  on  1895 
December  24. 

It  would  appear  from  the  above,  that  in  the  pre.-icnt  state 
of  our  knowledge  of  this  star  no  series  of  observations  ex- 
tending over  less  than  five  months  can  be  considered  of 
value,  and  that  the  only  safe  conr.se  will  be  to  begin  the 
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series  as  soon  as  the  star  becomes  visilile,  and  oontiime 
them  until  it  again  disappears. 

1981.     SC(tiiii-l„iH(nhdis. 

Twenty-one  observations  of  this  star,  from  1895  October 

18  to  1890  May  \2,  indicate!  a  maximum  of  about  S".l,  on 

189(i  February  3. 

2080.     Ji  Columbae. 

I  have  observations  of  this  star  on  five  dates  in  March 
1895,  from  the  sixteenth  to  the  twenty-first  inclusive. 
From  the  low  southern  declination  of  the  star,  the  compari- 
sons were  difficult  and  uncertain,  and  are  of  value  only  as 
showing  that  the  star  was  then  visible  and  certainly  identi- 
fied as  Hartwig's  star.  The  magnitudes  deduced  from 
comparisons  with  C.DM.  -29°245Q,  9M,  were  from  9".4 
to  9". 5. 

Observations  were   also   obtained  on  1895  Nov.  29,  and 

Dec.  19,  20,  and  22,  the  estimates  being  9>'.3  and  9". 4.  The 

star  was  looked  for  and  not  seen  on  1896  Jan.  11  and  16, 

Feb.  1  and  March  7,  the  limit  of  vision  being  in  each  case 

the  tenth-magnitude  stars  of  the  Cordoba  DM.     On  every 

one  of  the  dates  above  given,  the  place  given  by  Pickering, 

south    preceding   the    variable    which   was   observed,  was 

scrutinized  with  care,  and  in  no  case  was  any  star  seen 

there  so  bright  as  the  tenth  magnitude,  which  appears  to 

be  the  usual  limit  of  vision  for  my  eye  and  telescope  in 

this  region. 

2100.      U  Ononis. 

My  first  observation  of  V  Orlonis  at  the  recent  maximum 
was  made  on  1895  Dec.  22,  the  star  being  then  very  faint, 
and  estimated  to  be  not  brighter  than  the  lOi  magnitude. 
A  maximum  of  6". 8  is  indicated  by  my  observations  on 
March  19  ;  and  at  the  last  observation,  May  7,  it  had  de- 
creased to  7". 8.     The  observations  number  twenty-two. 

3425.  Xffi/drae. 
My  first  observation  of  this  star  during  the  present  sea- 
son was  made  on  1896  March  17,  when  its  light  was  esti- 
mated at  9".0.  It  increased  rather  rapidly  to  a  maximum 
April  8,  when  it  was  estimated  to  be  of  8". 3.  Its  decrease 
was  at  first  rapid,  and  afterwards  slower ;  and  at  the  last 
observation,  on  May  16,  it  had  fallen  to  9".l.  There  are 
fifteen  observations  in  all. 

3825.     B  Ufsae  Majoris. 
Eighteen  observations  of  R  Ursae,  from  1896  March  12 

to  May  27,  indicate  a  maximum  on  April  7.  When  first 
observed  it  was  of  about  7-'''. 9,  its  brightness  at  maximum 
being  7". 2,  and  at  the  last  observation  9". 4. 

4816.      V  Virginis. 

I  have  nineteen  observations  of  V  Virginis  between  1896 

May  4  and  July  11,  since  which  latter  date  it  has  been 

impossible  to  obtain  a  useful  observation  of  the  star.     A 

maximum  of   9".l  is   rather  uncertainly  indicated    about 

Dorchester,  Mass.,  1896,  August  0. 


June    15  —  the    star's    light    when    last    observed    having 
decreased  only  about  0"'.3. 

4847.     S  Vin/iiiis. 

The  first  observation  of  this  star  during  the  present 
season  was  made  on  189()  April  8,  when  it  was  found  at 
9". 8.  Its  rise  was  rapid  and  regular,  and  a  well-defined 
and  bright  maximum  was  passed  on  June  3,  at  which  time 
the  star's  estimated  brightness  was  6". 7. 

Its  decline  was    rather  slower,  and  when  last  seen,  on 
July  23,  its  brightness  was  estimated  as  8".l. 
5190.     B  Camelopardalis. 

I  began  observations  of  this  star  on  1896  Feb.  16,  the 
star's  light  on  that  date  being  about  9". 5.  From  that  date 
to  July  25,  I  observed  the  star  twenty-five  times,  it  being 
invisible  at  the  last  observation,  in  a  clear  sky  in  bright 
moonlight.  At  the  previous  observation,  ou  July  12,  its 
light  was  estimated  at  8". 4. 

A  maximum  of  7". 8  is  indicated  on  May  23. 

5438.      Y  Librae. 

Eleven  observations  of  this  star,  from  1896  May  12  to 
July  11,  indicate  a  maximum  of  8". 7  on  June  9.  The  star's 
light  at  the  first  observation  was  estimated  at  9".8,  and  at 
the  last  at  9 ".2. 

5501.      <S  Serpentis. 

I  have  twenty  observations  of  this  star,  from  1896  April 
29  to  July  25.  When  first  seen  it  was  of  Hi  magnitude, 
by  a  careful  eye-estimate.  It  increased  steadily  to  a  max- 
imum of  7>'.8,  which  is  indicated  on  1896  June  24,  and  has 
since  declined  to  8''.7. 

5675.  V  Corofiae. 
This  star  was  observed,  from  1896  April  8  to  July  18, 
seventeen  times.  When  first  observed,  its  light  was  esti- 
mated at  9>'.6.  It  increased  to  8". 6,  passing  a  maximum 
about  May  8,  after  which  date  it  decreased  to  10>'.5,  its 
estimated  brightness  at  the  last  observation. 

7502.     XDelphini. 

I  have  seven  observations  of  this  star,  fully  confirming 
its  variability,  and  showing  a  well-defined  maximum  on 
1896  June  8. 

At  the  first  observation,  1896  May  13,  the  estimated 
magnitude  was  9".7  ;  at  the  next  observation,  June  2,  it 
had  increased  to  8". 7,  and  on  June  10  to  8". 6.  From  this 
date  it  fell  off  steadily  to  9". 7,  its  estimated  brightness  on 
July  17.  When  next  looked  for,  on  July  30,  it  had  disap- 
peared, the  estimated  limit  of  vision  at  the  time  being 
Hi".  A  reduction  of  Anderson's  observations  published 
in  No.  3314  of  the  Astronomische  Nachrichten,  indicates 
a  maximum  on  1895  Sept.  2,  so  that  the  star's  period  is 

...                 .      _     280^ 
probably  approximately  . 
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z  CFX TAi'in  AM)  Tin-:  X 

liv  Wll.MAM 
Estiiiiutes  of  the  brij,'lituess  of  this  star  in  Deceuiber, 
Jaiiiiary  and   Febnuuy  are   given    in  Astr.  Join:,  no.  o71. 
Since  then  I  have  made  observations  as  follows: 


ISDO.Iune  11 
July    ;> 


14.4 

1.-,. 

1(>  nearly 


The  c-oinparison-stars  were  estimated  as  follows :  D,  14i{ ", 

sitnated  between  .(  and  />,  somewhat  nearer  A  ;  E,  l.'ii",  at 

somewhat  unequal  distances  from   l'>  and  D.  and  slightly 

north  of  the  line  joining  them;  /',  10]  ",  between  -I  and  D. 

m.  Hamilton,  Cat.,  1S96  Awjxist  10. 


EurLA  sT'iJijorxnixc;  v\\ 

J.   IllSSKY. 

.(  and  B  are  tlie  stars  denoted  by  the  same  letters  in  Asfr. 

Join:,  no.  371. 

The  star  Z  Centaur!  is  surrounded  by  a  faint,  irregular 
nebula,  which  extends  continuously  to  the  large  and  bright 
nebula  N.G.C.  5253,  and  of  which  it  seems  to  be  a  i)art. 
When  the  star  was  brighter,  the  nebula  about  it  was  not 
seen  ;  this  was,  no  doubt,  due  to  the  overpowei-ing  light  of 
the  star,  for  as  the  star  faded  the  nebula  became  more  and 
more  conspicuous.  The  nebula  was  first  seen  on  .Tuiii'  11, 
IS'.U). 


COMET  18n()C  (18.S1»V), 

Note  and  Ei-uemeius  in  (  llAKLES  I.AM-: 
The  observations  matie  at  the  Lick  Observatory,  during 
the  early  part  of  Jidy.  enabled  me  to  make  a  careful  de- 
termination of  the  elements  of  this  comet.  For  the  purpose 
of  correcting  my  old  elements  a  luuuial  jilace  was  formed  for 
July  17.5  Greenw.  mean  time,  at  which  date  the  compari- 
son  of  the  observations  with  the  ephemeris  gave  me 


O-C     Ju  =    -30'.«)<) 

JS  =    _   3'  38".5 

In  forming  these  differences  the  perturbations  were 
taken  into  account. 

From  these  differences  the  value  of  the  indeterminate, 
V,  was  then  found  to  be  as  follows : 


From 


Ju 
J& 

Mean  value 


=    —3.757 
=    -3.542 


=    —3.050 


This  agrees  so  well  with  my  former  determination, 
—  3.66,  from  a  comparison  with  the  observation  of  June  21), 
at  Nice,  that  I  have  made  no  change  in  the  elements  given 


I'OOK. 
in  my  former  note.     Tho.se  elements  give  me  for  .Inly 
the  following: 

O-C      lu  =    -()-.<J6 
/S    =    -0".45 


17. 


I  append  an  ephemeris  computed  from  the  elements, 
corresponding  to  i-  =  — 3.6G,  as  given  in  my  former 
note. 


(;r.  M.T. 

App.  a 

App.  8 

log  A 

Sept.  1.5 

22 

20   9.1 

-19  8  0 

0.01488 

5.5 

17  25.4 

4  29 

0.01513 

9.5 

14  58.8 

-18  57  22 

().()l(i86 

13.5 

12  46.4 

47  15 

0.02002 

17.5 

10  57.3 

33  44 

0.02445 

21.5 

9  28.7 

17  25 

0.02999 

25.5 

■8  31.1 

-17  57  48 

0.03467 

29.5 

8  1.5 

35  8 

0.04418 

Oct.   3.5 

8  2.5 

9  37 

0.05276 

7.5 

8  35.6 

-16  41  23 

0.06199 

11.5 

oo 

9  41.1 

-16  10  26 

0.07185 
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Pubticationen  der  t.  Extffner^schen  Sternwarte  in  Wien,  Band  IV. 

IJr.  Leo  i>k  B.vi.i.. 

.\t  tlie  present  time  the  chief  undertaking  of  v.  Kuffxeu's  Observ- 
atorj-  in  Vienna  is  the  observation  of  the  Gesellsclia/t-zone  included 
between  the  parallels  of  — 5°  .50'  and  — 10-  10'  of  declination  ;  and 
this  volume  contains  the  results  for  the  zones  00  to  244.     The  result- 


ing star-positions  for  1900  are  given  in  a  later  section  of  lliu  «  ork  in 
a  form  convenient  for  reference.  This  volume  also  contains  a  dcscriji- 
tion  of  the  new  transit-instrument  to  be  used  in  the  ])riinc  vertical, 
and  of  the  new  lieliomolcr,  as  well  as  of  the  structmes  arranged  for 
the  reception  of  those  instruments.  An  appendix  contains  an  elabo- 
rate discussion  of  the  orbit  of  the  Comet  1882  III  l>v  Dr.  in-;  Uai.i.. 
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LAC.r>8()l:    SHOKT-PEKIOD   YAKIABLE,   CLASS  II, 

By  ALEX.  WM.  ROBEI!TS. 


The  new  short-period  variable  in  Centaurus  recently  an- 
nounced in  the  A.J.,  no.  378,  is  one  of  considerable  interest, 
as  its  type  of  variation  is  quite  distinct  from  tliat  of  the 
other  short-period  variables  discovered  here.  Its  ascend- 
ing period  is  almost  exactly  of  the  same  duration  as  the 
descending  jseriod,  a  fact  which  relates  the  star  indirectly 
to  those  of  the  J/yoZ-type,  and  directly  to  U  Pcf/asi.  This 
is  of  extreme  importance,  as  it  materially  strengthens  the 
opinion  expressed  by  Dr.  Chandler  that  U  Pegasi  probably 
belongs  to  a  new  type  of  short-period  variable  {A.J.,  no.  374). 
While  drafting  out  this  paper,  there  has  just  reached  me 
the  announcement  by  Prof.  Pickering  that  he  finds  that 
S  Anfliae  is  not  an  y=l/<7o^variable,  but  a  short-period  vari- 
able of  this  new  type,  which  for  brevity  we  may  call  Class 
II,  —  the  ordinary  short-period  variables,  of  which  8  Ccphei 
may  be  taken  as  the  type,  forming  Class  I. 

This  discovery  is  in  every  way  important,  as  it  indicates 
a  second  marked  characteristic  of  this  type,  viz. :  rapid 
variation  within  narrow  limits. 

This  second  characteristic  is  quite  as  pronounced  a  feature 
of  the  three  stars  belonging  to  this  class  as  the  characteristic 
first  referred  to,  for  we  have 


Star 


Period      Aiiipl.  of  Variation 


S  Antliae 

h       111 

7  46.8 

u.do 

Lac.  5861 

7  16.0 

0.34 

('  Pei/(tni 

5  .32.4 

0.65 

The  star  that  comes  nearest  to  these  in  shortness  of 
period  is  Ji  Musrae,  but  its  period  is  21  hours.  Thus  there 
seems  a  distinct  gap  between  the  periods  of  Class  II,  and 
those  of  Class  I.  The  mean  period  of  14  southern  short- 
period  variables  belonging  to  Class  I,  is  4.5  days  ;  the  mean 
period  of  the  three  stars  belonging  to  Class  II  is  about  7 
hours. 

Tlie  narrowness  of  the  limits,  between  which  these  stars 
vary,  leads  naturally  to  another  question,  and  one  which  is 


in  reality  the  main  purpose  of  this  paper  to  deal  with,  viz. : 
what  is  the  accuracy  attainable  in  the  determination  of  the 
magnitudes  of  stars.  For,  if  a  narrow'  amplitude  of  vari- 
ation is  common  to  aU  stars  of  this  class,  it  is  more  than 
probable  we  shall  have  variation  of  0".2  or  even  0>'.l,  and 
it  becomes  a  serious  question  if  our  present  accuracy  in 
estimating  star-magnitudes  will  respond  to  such  variation. 
1  think  it  will,  and  after  dealing  with  the  variation  of 
Lac.  5861,  I  purpose  proving  that  with  care  and  foresight 
as  regards  the  elimination  of  errors,  and  reduction  of  re- 
sults, an  accuracy  of  at  least  0".O3  can  be  secured  in  the 
determination  of  relative  magnitudes  by  tlie  method  of 
sequences. 

Over  400  observations  of  Lac.  5861  have  been  made  at 
Lovedale  since  the  beginning  of  RLay,  the  usual  method 
adopted  being  to  begin  observations  soon  after  dark,  and  to 
continue  them  at  intervals  of  20  or  30  minutes  for  about 
six  or  eight  hours. 

That  there  might  be  no  bias  as  to  the  times  of  maxima 
or  minima,  no  ephemeris  of  any  kind  was  constructed. 
Following  out  the  principle  of  work  adopted  here,  each 
observation  is  the  mean  of  two,  one  direct  and  the  other 
reverse.  The  same  comparison-stars  were  always  used,  and 
the  measures  were  reduced  to  a  common  standard  bj-  a 
simple  method  that  will  immediately  be  referred  to. 

The  observations  in  July  were  made  with  the  greatest 
care,  the  narrow  limits  of  variation,  0'".34,  den\anding 
the  most  extreme  care  as  to  the  position  of  the  head,  height 
of  the  telescope,  and  similar  fruitful  sources  of  error.* 


*  In  two  essential  particulars  I  find  myself  at  utter  variance  with 
astronomers  whose  reputation  is  assured,  and  on  whose  judgement 
I  would  naturally  implicitly  rely.  To  estimate  rapidly  is,  in  my  case, 
to  estimate  badly,  and  consequently  I  take  sometimes  as  long  as  five 
minutes  to  a  single  observation.  Then  again  I  always  endeavor  to 
have  the  variable  and  the  comparison-star  in  the  same  field,  so  that  1 
may  estimate  both  at  the  same  time. 

(20.-,) 
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The  determinations  of  m.axinta  and  minima  are  as  follows  : 


Obs. 

Maxima 

Minima 

LimiU 

ll         111 

ll      in 

u               u 

18 

1896  Mav    7 

6  15 

May     7  10     0 

7  50-7.78 

9 

12 

10  10 

12     C.    15 

7.51 -7.  SO 

16 

13 

7  22 

13  11     7 

7.53  -  7.83 

16 

14 

\Q  32 

14     8  30 

7.46-7.77 

15 

15 

10  37 

15     6  37 

7.46  -  7.S5 

11 

, 

•        >        . 

17  10     7 

-  7.S0 

14 

IS 

11     7 

IS     7     6 

7.44  -  7.S3 

15 

19 

9  30 

19  13     0 

7.47  -  7.79 

11 

20 

7  15 

20  10  37 

7.54-7.77 

12 

• 

21     7  45 

-7.S4 

20 

■)•-) 

10  15 

22     6  10 

7.40-7.77 

14 

23 

7  22 

23  10  33 

7.54  -  7.77 

16 

June  9 

13  15 

June   9     9  45 

7.48  -  7.S0 

19 

17 

10  52 

17     7     8 

7.43  -  7.77 

9 

28 

S  30 

.... 

7.46- 

12 

29 

6  15 

29  10     0 

7.54-7.79 

23 

July    1 

S  50 

July    1    12  30 

7.44  -  7.SS 

23 

o 

7  22 

.")   1  1      7 

7.36  -  7.S3 

25 

6 

12  22 

(i     U     7 

7.47  -  7.78 

22 

8 

7  56 

S   11   .JO 

7.37  -  7.84 

23 

13 

11  15 

13     7  45 

7.43  -  7.74 

1  " 

14 

9  15 

14  13     7 

7.44  -  7.84 

The  following  are  the  elements  of   variation    resulting 
from  the  preceding  times  of  maxima  and  minima. 


Period 

Epoch  of  max.         1896  JEay 

Epoch  of  miu. 

Mean  limits  of  variation 


71.  xgm 

7''     e"-  23"'  (C.M.T.) 

7''     9''  58'" 
7".47  to  7".S1 


An  inquiry  as  to  the  amount  of  confidence  to  be  placed 
in  this  result  must  of  necessity  begin  and  end  with  the 
accuracj'  attainable  in  determining  the  relative,  and  conse- 
quently the  absolute,  magnitudes  of  the  stars  made  use  of 
in  the  investigation. 

The  comparison-stars  used  were 


(1875) 


(1)    c 

ord 

Z.C.XIV, 

■jryj 

14    3  57.6     - 

-57 

43  39 

(2) 

505 

7  48.1 

56  42  45 

(3) 

512 

7  .51.1 

57 

44  29 

(-1) 

639 

9  56.8 

58 

6  21 

('"') 

837 

14  13    8.0     - 

-57 

42  58 

Let 

J/,„  +  J/,. 

,  +  J/ 

,3,+J/,„  +  J/,, 

)   ~ 

xV 

be  the'  magnitudes  of  the  five  comparison-stars,  as  deter- 
mined by  sequences  from  6".8  and  9". 3  at  a  single  observa- 
tion, jV  being  the  sum  total  of  the  five  magnitudes. 

Let  M,  be  the  magnitude  of  the  variable  as  determined 
with  relation  to  the  five  comparison-staj-s. 

Let  K  be  the  mean  of  all  the  values  of  X;  in  the 
present  instance  the  constant  quantity,  37.70. 

Then  to  reduce  the  magnitudes  of  the  comparison-stars 

37.70  -  N 


to  standard  values,  the  coiTcetion 
to  be  applied  to  each  star. 


will  have 


The  same  correction  will  be  applied  to  the  apparent  mag- 
nitude of  the  variable,  wliicb  therefon^  heconies 


-1/..  + 


37.70  -  -V 


In  this  way  each  observation  is  reduced  to  a  common 
standard. 

It  would  overburden  the  present  paper  to  give  in  extenso 
the  whole  of  the  observations  so  reduced ;  it  will  be  suf- 
ficient to  deal  in  this  way  with  the  observations  of  one 
night  only,  say  those  of  July  1. 

The  following  magnitudes  are  reduced  to  standard  values, 
as  it  will  be  noticed  the  sum  total  of  the  magnitudes  of  the 
five  comjiarison-stars  is  efpial  to  37.70. 


1896  Jui.Y  1. 

Hour 

Comparison- 

Stars 

Variable 

Cape 
M.T. 

h     111 

Z.C. 

50.-) 

Z.C. 
039 

Z.C. 

2,59 

Z.C. 

Z.C. 

.'512 

Obsd 

Coinp. 

0— C 

» 

M 

M 

>I 

M 

M 

u 

III 

6    0 

7.33 

7.48 

7.53 

7.53 

7.83 

7.78 

7.81 

-0.03 

,        30 

.25 

.45 

.65 

.50 

.85 

.70 

.72 

-0.02 

!  7  0 

.30 

.45 

.60 

.50 

.85 

.70 

.62 

+  0.08 

10 

.23 

.38- 

.73 

.53 

.83 

.63 

.60 

+0.03 

1        25 

.22 

.37 

.77 

.47 

.87 

.52 

.56 

-0.04 

45 

.22 

.42 

.67 

.52 

.87 

.47 

.51 

-0.04 

8    0 

.30 

.45 

.65 

.55 

.75 

.50 

.48 

+0.02 

15 

.27 

.42 

.62 

.52 

.87 

.47 

.46 

+  0.01 

30 

.27 

.47 

.62 

.52 

.82 

.42 

.44 

-0.02 

50 

.30 

.45 

.55 

..50 

.90 

.45 

.44 

+0.01 

9  10 

.34 

.44 

.54 

.49 

.89 

.44 

.44 

0.00 

30 

.28 

.43 

.58 

.58 

.83 

.46 

.47 

-0.01 

50 

.27 

.42 

.57 

.57 

.87 

.45 

.50 

-0.05 

10  15 

.25 

.40 

.60 

.60 

.85 

.55 

..56 

-0.01 

33 

.25 

.30 

.65 

.65 

.85 

.70 

.62 

+  0.08 

50 

.23 

.38 

.63 

.63 

.83 

.63 

.68 

-0.05 

11  15 

.27 

.47 

.52 

.62 

.82 

.77 

.76 

+0.01 

30 

.32 

.47 

.52 

.57 

.82 

.77 

.80 

-0.03 

12    0 

.34 

.39 

.54 

.54 

.89 

.89 

.87 

+0.02 

30 

.32 

.42 

.57 

.52 

.87 

.87 

.88 

-0.01 

50 

.32 

.42 

.52 

.52 

.92 

.92 

.86 

+0.06 

13  20 

.39 

.44 

.49 

.49 

.89 

.74 

.80 

-0.06 

13  45 

7.2s 

7.53 

7.53 

7.48 

7.88 

7.68 

7.72 

-0.04 

Mag.  of  Cord.  Z.C.  505  7.29 

639  7.43 

837  7.54 

259  7.59 

512  7.85 


Avei-age  error  ±0.036 
.0.34 
.036 
.060 
.030 


The  star  Z.C.  XIV,  259  seems  to  vary  through  0".2  :  leav- 
ing it  out  of  account,  the  average  departure  of  any  determina- 
tion is  thus  onlj'  0".034.  It  niaj'  be  urged  that  tliis  agreement 
is  only  apparent ;  that  the  mind  is  always  influenced  in  the 
direction  of  making  accordant  determinations.  This  ob- 
jection is  not  valid  where  two  observations  are  made,  as 
the  values  of  each  observation  are  different,  the  con.stant 
altering  of  the  positions  of  the  stars  affecting  both  the 
direct  and  reverse  observations.     Further,  observations  of 
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other  variables  were  taken  concurrently,  so  that  as  much 
as  possible  the  mind  might  be  left  free  to  make  inde- 
pendent judgements. 

It  has  already  been  stated  tlmt  mure  care  was  taken 
during  the  July  determinations. 

It  is  unnecessary  to  give  in  detail  the  observations  made 
on  July  o,  6,  8,  i;-i,  14.  They  were  made  exactly  on  the 
same  plan  as  those  of  July  1 .  It  is  of  importance  as  deal- 
ing directly  with  the  question  at  issue,  viz. :  the  accuracy 
attainable  in  determinations  of  stellar  magnitudes  by  se- 
quences to  give  the  vabies  of  the  five  compari.son-stars 
made  on  the  six  nights  in  July. 


Xo.  of 
Obsns 

Date  1890 

Z.C. 
005 

Z.C. 
639   ■ 

Z.C. 

S37 

Z.C. 
259 

Z.C. 

512 

M 

7.85 
.85 

.23 
23 

July     1 
5 

7.29 
.28 

7.43 
.41 

M 

7.54 

.57 

M 

7.59 
.59 

25 

6 

.26 

.39 

.58 

.61 

.86 

22 

8 

.26 

.37 

.58 

.61 

.88 

23 

13 

.25 

.  .40 

.55 

.64 

.86 

22 

14 

7.25 

7.39 

7.56 

7.62 

7.88 

7.26 

±0.012 

7.40 

.015 

7.5(! 

.013 

7.61 

.013 

7.87 

.013 

Mean  magnitude  of  Cord.  Z.C.  505 

639 

837 
259 
512 

It  is  therefore  possible,  I  hold,  to  determine  by  sec^ueuces 
the  magnitudes  of  any  system  or  group  of  stars  with  an 
accuracy  greater  than  0'".05,  when  only  a  few  isolated  ob- 
servations are  taken,  and  with  an  accuracy  greater  than 
0''.02,  when  a  fuller  series  of  observations  is  made. 

The  mean  values  of  the  comparison-stars  afford  sufficient 
proof  for  this  contention,  and  will  no  doubt  be  considered 
strong  evidence  for  the  possible  attainment  of  such  accuracy 
as  two  or  three-hundredths  of  a  magnitude. 

A  much  more  important,  and  less  questionable,  line  of 
evidence  would  be  to  deal  with  the  variable  itself.  Here 
we  cannot  be  influenced  by  mental  bias,  for  there  is  no  pre- 
vious knowledge  of  the  variation  of  the  star  at  any  time. 

Reverting  again  to  the  observations  of   July  1,  if  the 
variation  be  regular  tlie  mean  curve  will  l)e  of  the  form 
,r  +  a  cos  (6 -J/)  +  (8  cos  (26  — K) 


where  e   =   (T-8''50"')  0°.8257 

7'  being    the    time    of   observation,    and      (  7'— 8'' 50'")     a 
(quantity  expressed  in  minutes. 

\Ve  have,  from    the  2.'!  observations  taken    on  July  1, 
2.'5  equations  of  condition  of  the  form 


■+  . 


«,  cose+  (Sy  sinS  +  yj  cos 26*+  8,  sin26» 

where  «,    =    (c  cosil/ 

/?,    =    a  sin  M 

yi 


^l/„ 


S, 


/3  cos  N 

ji  sin  N 


Solving  rigorously  the  following  are  the  values  obtained 
for  the  form  of  the  light-curve  of  Lac.  5861  on  July  1. 

7M.646  _0".223cos(6'-357°;!7')  -o'".014  cos (261-156° 44') 

The  comjiuted  values  from  this  expression  are  given  in 
the  table  of  observations  of  July  1  under  the  heading 
•'Variable:  computed,"  and  it  will  be  seen  how  closely  the 
curve,  obtained  analytically,  represents  the  observed  values. 

The  average  error  of  a  single  observation  is  only  ±  0".032, 
and  when  we  compare  this  with  the  average  error  as  de- 
termined over  six  nights  in  July  from  comparison-stars, 
viz.:  ±0*'.033,  we  must  admit  that  this  value  represents 
the  accuracy  attainable  by  the  method  adopted  at  Lovedale. 

If  we  take  into  consideration  only  the  observations  taken 
with  the  reversing  eye-piece,  the  average  error  is  ±0".O8, 
and  with  the  direct  vision  eye-piece,  ±0".09. 

The  advantage,  therefore,  of  taking  two  observations  and 
combining  them  is  indisputable. 

To  refer  again  to  the  expression  obtained  for  the  light- 
curve  of  Lac.  5861,  it  is  evident  that  if  it  be  possible  to 
represent  in  definite  trigonometrical  terms  the  law  of 
variation  of  stars  belonging  to  this  new  class,  we  have  at 
once  a  means  of  obtaining  the  elements  of  variation  that  is 
sttperior  to  the  method  usually  adopted  of  comparing  maxi- 
ma and  minima  points  obtained  graphically.  The  elements 
of  Lac.  5861  given  in  this  paper  have  indeed  been  obtained 
graphically,  but  I  have  never  felt  perfectly  satisfied  with 
this,  or  with  other  similar  results,  so  determined;  and  I 
intend,  when  a  definitive  solution  of  the  elements  is  sought, 
to  adopt  the  more  rigorous,  but  more  laborious,  method  of 
procedure. 


REPLY   TO   AN^  ARTICLE   BY  MR.  YENDELL   IN   ASTR.  JOURNAL   No.  380, 

By  N.  C.  DUXER. 


Mr.  r.  S.  Yendell  has  raised  some  objections  to  the  man- 
ner in  which  I  have  used  his  observations  of  ZHerculis, 
published  in  no.  366.  In  part  Mr.  Yendell  considers  thjit 
I  have  treated  his  observations  of  magnitude  of  both  the 
minima  of  the  star  in  a  "  summary  manner,"  inasnuich  as 
I  have  designated  as  "erroneous  "  so  small  a  diiference  as 


0".2  between  the  even  and  uneven  minima.  In  no.  366, 
Mr.  Yendell  gives  no  information  as  to  the  maximum  mag- 
nitude which  he  assumed  for  the  star  ;  and  since  the  ampli- 
tude (magnitude  at  maximum  —  principal  minimum)  amounts 
to  nearly  a  full  unit  of  magnitude,  I  have  been  obliged  to 
assume  that  Mr.  Yexdell  had  put  this  certainly  not  lower 
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thau  T*.!!.  Jly  remark  was  directed  against  the  assump- 
tion of  an  ami)litiule  of  (V.yo  for  the  even  minima.  Imt  so 
great  as  (•".75  for  the  uneven  ones. 

It  is  true  that,  in  no.  380,  Mr.  Yknueli.  says  that  he  em- 
ployed the  photometric  measures  of  ^Iullek  and  Kkmi-f, 
which  give  the  normal  magnitude  of  Z Herculis  as  7". 45. 
According  to  this,  the  amplitudes  would  be  respectively 
0".(i5  anil  0".4u.  Iii  both  cases,  however,  the  latter  amjjli- 
tude  would  be  much  too  large  relatively,  and  the  former  too 
small  absolutely. 

Mr.  Ykxdki.l  moreover  censures  my  mode  of  fomputing 
the  observations  of  Z  Herrulls,  inasmuch  as  he  considers 
that  my  elements  can  in  no  way  be  regarded  as  definitive, 
since  I  took  no  account  of  ]\Ii:i.i.ER  and  Kkmpk'.s  mea.sure- 
ments  of  the  brightness.  That  I  made  no  claim  whatever 
to  have  furnished  delinitive  elements  must  be  sulticiently 
evident  from  the  fact  that  1  did  not  once  take  any  account 
of  the  Hght-e(iiiatiou.  ^loreover,  isolated  incomplete  ob- 
servations can  only  be  used  when  long  series  of  observa- 
tions are  available,  since  one  cannot  otherwise  know  whether 
the  same  were  made  before  or  after  the  minima,  and  it  is 
also  not  beyond  doubt  that  they  may  be  affected  by  large 
accidental  errors.  What  I  desired  to  do  was  only  to  pre- 
pare an  ephemeris  for  the  next  appearance ;  and  'Sh: 
Ykxdkll's  observations  seem  to  prove  that  I  succeeded 
very  well  in  this. 

First  of  all,  it  has  displeased  Mr.  Yexdkli.  that  I  desig- 
nated his  secondary  epoch  of  minimum  1895  April  2.S  as 
"evidently  erroneous,'"  and  have  excluded  this;  he  asserts, 
indeed,  that  I  have  chosen  this  expedient  as  an  "easy  and 
convenient  manner  io  dispose  of  an  observation  which  does 
not  confirm  one"s  own  theory."  This  is  about  e<piivalent 
to  accusing  me  of  an  intentional  scientilic  falsification. 
Jlr.  Yexdell  should  not  have  done  this,  but  rather  have 
simply  made  the  computation.  If  he  had  done  so,  he 
must  have  found  that  the  total  deviation  from  my  ephemeris 
of  the  mean  of  all  his  observations  of  the  uneven  minima 
(without  exclusion)  only  amounts  to  — 17"',  so  that  it  agrees 
with  the  same  far  more  closely  than  I  could  have  hoped, 
in  view  of  the  small  number  and  great  uncertainty  of  the 
autumn  observations ;  and  consequently  that  there  existed 
absolutely  no  ground  for  excluding  this  observation,  for  the 
reason  given  by  Mr.  Yexdell.     On  the  other  liand  there 

Upsala.  IsOi'i  .lnf/H.-it  3. 


do  exist  purely  objective  scientific  grounds  for  this  course. 
For,  if  we  take  the  mean  of  the  discordances  between  Mr. 
Ykxdell's  observations  of  the  "  uneven  minima,''  and  my 
ephemeris,  we  obtain,  as  I  have  said,  —17"',  and  accordingly 
±22'"  as  tlie  probable  error  of  a  single  oljservation.  Hut 
then  the  first  observation  would  be  rejected  by  1'eirck's 
criterion.  In  this  process,  there  is  nothing  arbitrary,  ex- 
cept the  assumption  that  the  discordances  after  subtracting 
the  —17'"  are  entirely  accidental.  Hut  I  do  not  see  that 
in  a  preliminary  computation  of  a  star  belonging  to  the 
.■i/|7o/-type,  any  other  assumption  is  justifiable.  At  any 
rate,  it  is  much  bolder  to  introduce,  as  Mr.  Yexdei.l  does, 
a  term  of  the  tliird  order,  relatively  to  the  time  (  —  O'.OOl  2  E"). 
Nevertheless,  I  will  not  further  contend  with  Mr.  Yen- 
dell  as  to  the  rejection  or  acceptance  of  this  observation. 
Much  more  would  it  gratify  me,  and  for  good  reasons,  if 
he  could  defend  his  ob.servations  of  the  "  uneven  minima" 
against  the  attacks  of  an  entirely  different  sort,  which  are 
soon  to  be  brought  against  them.  Prof.  Pickerixo  has  al- 
ready conununicated  to  the  "  Asfi-oph]/s  ifuljournul "  (A'pvil, 
1890),  that  on  September  10,  from  13''  to  15'' 56'"  Greenwich 
M.T.,  he  perceived  no  variability  in  ZHercidis.  Accidentally 
this  communication  came  for  the  first  time  to  my  liands  in 
July,  and  consecjuently  I  could  take  no  account  of  it  in  my 
article  in  no.  374  of  the  Astronomical  Journal.  But  later 
Prof.  PiCKEKixG  has  communicated  to  me,  by  letter,  that 
likewise  Sept.  14"  13''  51'"  to  17"  35"',  Sept.  30"  12"  37"'  to 
IC  8'",  and  Oct.  8''  13"  35""  to  15"  40'"  he  always  saw  the  star 
at  its  maximum  brilliancy  ;  and  thence  draws  the  inference 
that  in  1895,  in  general,  no  "  secondary  minima"  occurred. 
If  now  all  Mr.  Yexdell's  eight  observations  made  under 
favorable  circumstances  must  be  rejected,  I  should  scarcely 
dare  to  assert  that  my  three  observations,  made  under  un- 
favorable circumstances,  namely  in  part  in  very  bright 
twilight,  might  not  also  be  incorrect ;  and  I  should  there- 
fore much  prefer  to  declare  the  tlieory  wliich  I  liave  proposed, 
to  be  entirely  undenionstrated,  tlian  to  defend  it,  as  Mr.  Yex- 
dell supposes,  in  every  manner,  even  by  unpermissible 
methods.  For,  as  I  have  already  declared  in  no.  374,  I 
cannot  but  see  in  Mr.  Yexdell's  observations  a  very  fine 
and  welcome  proof  of  this  theory.  If  these  observations 
are  to  fall,  the  theory  itself 'must  tlierefore  also  be  regarded 
as  seriously  shaken. 


PROJECTION    ON    THE   TERMINATOR   OF  JIAJ.'S, 

By  W.  .).  nUSSEY. 


This  morning  (Aug.  27,  10''  45'")  I  observed  a  bright 
projection  on  the  terminator  of  ^fa^r$  at  about  50"  south 
latitude  and  275°  longitude.  This  position  locates  the 
projection  in  or  very  near  the  white  region  called   Cher- 


sonesus  on  Sciiiai'.vkelli's  map  of  Miir.<.     .Similar  projec- 
tions were  observed  here  in  1890,  1892  and  1S94.     This  is 
the  first  one  .seen  at  this  opposition. 
Mt.  riamUton,  Cat,  1S96  Auy.  28. 
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NOT]i]S   ON   VARIABLE   STARS,— No.  11, 


Bv  HENKY  .M 
Third  Cainloijae.  CiiANULEH'.s  Third  Catalogue,  .l.tT".  379, 
will  now  be  the  .standard  for  reference  in  the  column  of 
corrections ;  but  to  connect  with  my  former  results,  the 
correction  in  u.sing  the  former  elements  will  be  given  in 
parentheses  in  the  column  of  remarks. 

It  Coinae.  The  shortening  of  the  period,  showing  ap- 
proaching recession  from  the  twilight,  is  now  evident. 
The  following  sine-formula  rejects  the  inconsistent  obser- 
vation of  1856,  representing  all  the  others  with  an  average 
deviation  of  less  than  a  day. 

2389892.9  +  361.8  E  +  4O-(sin4°.0E  +  114°). 


I'AKKIiriiST. 

y  Iloofin.  1  have  only  succeeded  in  observing  five  mini- 
ma, none  fully  satisfactory.  The  times  given  are  inde- 
pendent of  the  prediction  ;  but  the  period  has  been  adjusted 
since  the  last  observation,  for  the  purpose  of  comparison. 
Rejecting  the  sine-formula,  A.J.  329,  and  adopting  Ykn- 
ijell's  observation  for  the  epoch,  the  most  probable  ele- 
ments are,  2948.623  +  2.6046.  The  corrections  in  the 
table  result  from  comparison  with  these  elements. 

Comparison-Stars.  The  differential  positions  of  com- 
parison-stars, given  to  tenths  of  a  minute  of  arc,  were 
kindly  furnished  me  for  this  and  subsequent  numbers  of 
the  Notes,  liy  J.  A.  Pakkhukst,  of  Marengo,  111. 


Results 

OF  Obsekvatioxs. 

Observed  Date 

Xo. 

.Star 

Phase 

Julian 

Calendar 

E 
56 

Corr. 

w 

Ueiuaiks 

3170 

>S'  Hijdrue 

Min. 

3622: 

1895-0 

Mar.    3 

1 

Probably  earlier 

3184 

T  Hijdrne 

Max. 

3603.6 

Feb.  13 

48 

+     2 

9 

( — 22).     Approx.  agreeiiieiit  witli  last  year 

3186 

T  Cancri 

Min. 

3611 

Apr.  11 

29 

-23 

1 

3264 

WCaneri 

Max. 

3611 

Feb.  21 

4 

+  12 

3 

3425 

X  Hijdrae 

Max. 

3659 

Apr.    9 

5 

-    1 

9 

t 

3477 

R  Leonis  iiiin. 

Min. 

3633 

Mar.  14 

31 

+  29 

■"» 

Inconsistent  witli  ol)servations  of  last  year 

3493 

B  Leonis 

Max. 

3571.7 

Jan.  12 

162 

-    9 

9 

( — 37).     Briglitn.  eorresjionds  witli  that  two  years 

3881 

V  Hijdrae 

- 

- 

- 

— 

_ 

_ 

Apparently  irregular                         [ago;  A.J.,n2ti 

3890 

W  Leonis 

:jrax. 

3510 

Nov.  12 

22 

_ 

0 

Predicfn  from  my  ele.,  A.  J.,  300.    Obs.  not  ineons. 

3994 

S  Leonis 

Max. 

3631 

iMar.  12 

68 

-43 

3 

Correction  apparently  increasing 

4315 

Ii  Collide 

Max. 

3777.4 

Aug.    5 

66 

+  0.3 

9 

(—1.3).     Compared  with  ele.  given  in  note  above 

4407 

R  Corvi 

Max. 

3662.9 

Apr.  12 

32 

—    5 

9 

(+16).     Brighter  than  last  year 

4492 

Y  Virf/inis 

Max. 

3706 

May  26 

22 

+  13 

9 

Very  slow  descent 

4596 

U  Vtrginis 

Min. 

3661 

Apr.  11 

53 

_ 

0 

From  elements  :  jn'obably  more  than  7  days  earlier 

4816 

V  Viri/iiiis 

Max. 

3743.1 

July     2 

53 

+   10 

9 

4847 

S  Virginis 

Max. 

3709.2 

May  29 

43 

0 

9 

4948 

R  Can.  Veil. 

Max. 

3768 

July  27 

9 

+   s 

9 

5070 

Z  Vinjinis 

Max. 

3697.4 

May  17 

19 

+  13 

9 

(-)-41).     Confirms  correction  of  last  year 

5144 

Y  Boot  is 

Min. 

3633.625 

Mar.  14 

263 

-.008 

1 

The  lowest  of  nine  observations.     See  note  above 

ti 

a 

Min. 

3680.526 

Apr.  30 

281 

+  .009 

O 

The  first  observations  of  tlie  series 

i( 

•'I 

Min. 

3693.539 

May  13 

286 

-.001 

•> 

From  the  first  two  observations 

i( 

ii 

Min. 

3706.598 

May  26 

291 

+  .035 

3 

Cloudiness 

ii 

ii 

Min. 

3758.613 

July  17 

.311 

-.042 

5 

Time  from  the  smoothed  curve 

5174 

RS  Virf/inis 

Max. 

3662 

Apr.  12 

6 

-    8 

6 

Double  max. ;  shown  also  last  year 

Individual  Observations. 


3170  SHi/driie. 
(Continued  from  3.50.) 

Mag. 

11.7] 

11.9 

11.8 

11.7 

11.30,, 

3184  T  Hijdrae. 
(Continued  from  3.50.) 

18% 

3577.6  Jan.   IS       8.29., 
3586.6  27       9.12; 


.Julian 

Calendar 

IS*) 

3601.5 

Feb. 

11 

3624.5 

■Mar. 

5 

3627.5 

8 

3633.5 

14 

3652.6 

Apr. 

2 

3184  T  Hijdrae. - 

-Cont. 

3186  TCaiin-i.- 

-Cont. 

3264  W  Cancrl- 

—  Cont. 

3425  X  Hijdrae. - 

—  Cont. 

Julian      Calendar 

Mag. 

Julian      Calendar 

Mag. 

Julian      Calendar 

Mag. 

Julian      Calendar 

Mag. 

ISSW 

ISINJ 

18% 

issk; 

3592.6  Feb.     2 

8.25 

3()50.6  Mar.  31 

9.69„ 

3627.5  Mar.    8 

9.60., 

3632.6  Mar.  13 

9.68., 

3.597.6              7 

S.36., 

3(;5S,6  Apr.     8 

9.83.. 

3633.6            14 

9.8()„ 

3639.6            20 

9.59„ 

36)09.6            19 

8.20., 

3665.6             15 

9.4p 

3650.6            31 

10.59., 

3647.6            27 

9.()4„ 

3627.6  Mar.     8 

8.89., 

3679.5            29 

9.59., 

3665.6  Apr.  15 

11.43,, 

3653.5  Apr.     3 

9.39,, 

3632.6             13 

8.74., 

3686.6  :May     6 

9.65,, 

3679.6            29 

11.94,, 

3658.6               8 

9.0f 

3(;39.6             20 

8.63,, 

3687.6              7 

9..3P 

3693.6  May  13 

12.5 

3660.5            10 

^.■?,?:, 

3646.6            27 

9.12., 

3693.6            13 

9.31., 

3665.6            15 

9.10,, 

3186  T  Cancri. 
(Continued  from  3.50.) 

1S96 

3264  W  Cancri. 

1880 

3573.6  Jan.  14     10.9 

3425  XHijdi 
(Continued  from 

18!IC 

;i604.()  Feb.    14 

ae. 
3.50.) 

11.0 

15 
3672.6            22 
3676.5            26 
3679.5            29 

9.2i' 
9.77^ 
9.9(;., 
9,56: 

3640.6  Mar.  21 

9.79., 

3604.6  Feb.  14 

9.32., 

.'>()2.S.6  :\Iar.    9 

9.8 

3686.5  May     6 

9.72., 
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3477  It  Li'onls  minortx. 

(t'oiitinued  from  350.) 
.Iiiliiin      Calonilar      Mug. 

3577.5  JauMS  12.0 

30(11.5  Feb.  11  12.2 

3027.5  Mar.     S  12.1 

3(;33.5  14  12.4 

3053.5  A])!-.     3  11.8 

3493  It  Leonlx. 
(Contiuueil  from  o50.) 

lK'J6-« 

3540.7  Dec.  12 

3544.0 

3544.7 

3559.G 

35(;0.0  Jan. 

3507.5 


3570.0 

3573.0 

3574.0 

35S0.(i 

3597. (i  Feb. 

3012.6 

3(524.0  Mar. 

3027.0 

3(132. 0 

3033.(; 

3030.5 

3058.0  Apr. 

36(i5.0 


10 
10 
31 
1 
S 
11 
14 
15 


a 
8 
13 
14 
17 
8 
15 


1..)! 

7.07., 

6.6 

0.01, 

0.57', 

0.49', 

0.5i 

(;.08., 

0.3i'" 

7.04., 

7.24.; 

7.44., 

7.8i' 

8.0P 

8.2i' 

8.2i> 

8.2i- 

9.2p 

9.2p 


3994  S  Lvmls. 

(Continiu'il  from  356.) 

.luliaii      (.'alciular      Mag. 

3004.0  Feb!"' 14     10.9 
3030.5  Mar.  17 


4492  rF/>'//«/.-'.  —  C.iiit. 14847  5*  V!r</!iilx. 


Julian 

3053.5 
3(>05.0 


364O.0 
3043.0 
3052.0  A\'v. 
3058.0 
3(>84.0  ISlav 


10.10,  ;{(5T9.0 
10.39..Iy(;s(».(i 
10.91._,  .•j(;,s7.C. 


CaliMiilar 

ls-.«i 

Ajir.  3 
15 
29 
3(t 


Mag.  I.Iiilian      ('alciular 


IC. 


12.4]  ';;(;o(;.7  A] 


lo.oo., 

11. 40; 
12.53o 


4315  7.'  Comai'. 
(Coiitiiiueil  from  356.) 


3740.6  .Tune  29 
3752.6  July  11 
37()0.(;  25 
3771.0  30 
3774.0  Aug.  2 
3775.0 


3776.0 
3777.6 
3778.5 
3780.5 
3782.5 


3881   V  Ilii'Inie. 
(Contimieil  from  350.) 

3628.6  Mar'.     9 


n 


3(» 
10 
15 
16 
10 
20 


8.52 

8.25! 

8.28, 

8.37 

7.98„ 

8.2 1 

8.21., 


3040.0 

3040.5 

3C>49.5 

3660.5  Apr 

36(>5.6 

3(;0(;.(i 

300i;.7 

3070.(; 

3687.5 

3687.0 

3(;93.0 

:)7O4.0 

3890  WLeonis. 
(Continued  from  326.) 

IHWt 

3577   Jan.  18  11.5] 
3597   Feb.  7  12.3] 


3 
4 
5 
0 
8 
10 


12.0] 
11.9 
10.57 
9.83 
9.25, 
9.01., 
9.28 
9.29, 
9.3I5 
9.70, 
9.81 


30S9.0 
:i7(t9.0 
;3712.C. 
3715.0 
3721.0 
3723.0 
3731.0 


4  1(17  It  Corvi. 
(Continiicii  from  .356.) 


May 


13 
24 


8.2i' 
7.74., 
7.74., 
8.2i- 
7.9p 
0.94., 


3040.0 

Mar. 

21 

7.58., 

364(;.6 

27 

7.30., 

3650.6 

31 

7.06., 

il 

.■;i 

7-.1P 

3()52.6 

Ajir. 

•; 

7.1p 

3053.6 

3 

7.1p 

3655.6 

5 

7.1  p 

3658.6 

8 

7.1  p 

3(>60.5 

10 

O.C.'i, 

3605.6 

15 

7. Op' 

36()6.5 

16 

6.51., 

36G().7 

16 

7.1p 

3()72.6 

22 

7.02., 

3073.0 

23 

7.23: 

3(;7(;.0 

26 

6.72:, 

3679.6 

29 

7.1p 

3684.5 

May 

4 

6.71., 

3687.6 

( 

7.1i- 

3689.6 

9 

6.95. 

3709.6 

29 

S.Op" 

449 

2  }■ 

1  irijiii  is. 

(Contiuueil  from 

326.) 

3C36.() 

Mar 

'17 

12.4] 

Mav 


29 
1 
4 

10 
12 
20 


11.0] 

10.9 

11.01., 

10.45; 

10.41; 

9.85^; 

9.99; 

9.(;7; 


3072.0 

3687.6  May 

it 

3093.(; 
3095.0 
.•{099.0 

.•;7tii.c> 

.■;7ii7.0 


9.85.,!       " 
9.90;!3709.6 


10.1; 


4596  C^  rirt/inis. 
(Continued  from  356.) 

363().6  Mar.  17  to 
3065.6  Apr.  15     11.6] 

5  dates 
3679.6  Apr.  29     lO.l 

4810    J'  Vir;/!n!s. 
(Continued  from  320.) 


^711.0 

3712.1)  June 
371 3.(; 

a 

3715.6 
3716.() 
3722.6 


3679.6  Apr.  29 
3687.6  May     7 


3693.6 
3709.6 

3713.(; 
3715.0 
371().0 
3722.0 

it 

3729.0 
3731.6 
3740.(; 
3742.0 
3743.6 
3746.0 
3752.6 
3758.0 


13 
29 
29 

June  2 
4 
5 
11 
11 
18 
20 
29 

July     1 


11.7 
11.2(i 
11. 2p 
11. 2p 
9.86. 
9.7p 
9.4p 
9.71, 
9.2p 
9.25, 
9.5p 
9.47, 
9.54., 
9.28; 
9.04,, 
9.51; 
9.03., 
9.37 
9.82., 


4948  Jt  fun.  Veu 

1890 

3743.6  July 
3753.6 
3755.6 
3759.6 
;702.0 
:^7(;(;.0 
3774.6  Ang. 
'■5777.5 


4847  S  Virr/inis. 

(Continued  from  350.) 

Isnc 

3058.0  Apr.     8     10.()6., 
8     lO.Sp 
10     10.68. 


3666.6 
C0MPARISON-STAK.S. 


1;! 
15 
19 
21 


29 

.•!1 

1 


11 


—  Com. 

Mag. 

1(I.2p 
10.27. 

9.46., 

9.0p' 

7.6 

8.40., 

7,;!4; 

7.26; 

7.07 

7.5p 

7.4p 

7.(19. 

7.04; 

7.44. 

7.4p 

7.38. 

7.5p 

7.5p 


o 

12 
14 
18 
21 
25 


37Si 


;) 
10 


8.8 

8.82., 

8.80; 

8.89.' 

8.74, 

8.86., 

8.6O:. 

8.99., 

9.30; 


5144  Y /toot is. — Cont. 
Julian      Calendar 

l.s'.W 

3054.547  Apr.   4 
.504 
.580 


Mag. 

7.80, 
7.85,, 


5070  Z  Vlrr/lnis. 
(Continued  from  350.) 


181« 

3055. ()  Apr.     b 

;!(;80.0  30 

3084.0  May     4 

3(;88.6  8 

3693.6  13 

3709.6  29 

3713.6  June    2 

3716.6  5 

3721.6  10 


11.2] 

10.38., 

10.05 

10.29., 

10.22„ 

10.10., 

10.50., 

10.54 

10.33 


3680.520  Apr,  3(t 
.530 
.535 
.542 
.546 
.550 
.5,S() 
.(i31 

3(;93.538  May  13 
.540 
.543 
.545 
.548 
.560 
.578 
.620 
.663 

3706.559  May  26 
.572 
.582 

.598 
.618 

3758. 5()1  July  1  7 
.584 
.613 
.637 
.()42 
.655 

.ooo 

.078 


5144  Y 1  Sou  fix. 
(Continued  from  356.) 

ISW, 

3633.588  Mar.  14 
to   .632 


also  .625 


7.97, 

8.28 


7.90, 

9.10 

8.22j 

8.05" 

8.(58 

7.94.. 

8.37; 

8.19, 

7.98, 

8.55 

8.01 

8.22 

8.05 

8.02 

7.95, 

7.70^ 

8.04, 

8.00., 

8.14, 
8.12, 
8.08. 
8.43.' 
7.95, 

7.55, 

7.72, 

7.82, 

8.20 

7.91, 

7.78, 

7.79, 

7.77.. 


5174  /i'»S  Vtrf/ini.f. 
(Continued  from  350.) 


■5()40.() 

Mar 

27 

9.71, 

3055.0 

A\n-. 

5 

9.85., 

36(;o.(i 

10 

9.04„ 

3C)00.5 

16 

10.10., 

.•;o72.(; 

22 

9.00, 

307;;. (■) 

23 

9.35., 

.3()84.(; 

May 

4 

10.21., 

star 
J 
P 

Q 
H 

S 
X 
Y 

h 
e 
i 


32(54  IT 
DM. 
+  25'2(J62 
+  25°2080 
+  24°2059 
+  24°2070 
+  25°2069 
+  25°20G0 
+  25"'2061 
18h/-  V 
16s    V 
onf    V 


Cuni-ri. 

Mag. 

8.41 

9.22 

9.13 

9.25 

9.25 

9.31 

10.58 

10.93 

11.49 

12.11 


3881   V  Hi/drae. 


n 

2 

3J»f 

37li 

5j¥ 

33/ 

3 

1 

(5 

5 


Star 
A 
C 
D 
F 
H 
I 
2/ 
A' 

r 


DM. 
-19=3125 
-19°3134 
-19°3122 
— 19°3080 
-20°3272 
-20°3261 
-19°3131 
-20°3280 
-20°3288 
-20-'3277 


Mag 

5.25 

6.29 

6.71 

7.58 

8.09 

8.10 

7.47 

8.24 

9.47 

9.49 


n 

Sta 

01/ 

A 

l/V 

C 

2.1/ 

D 

2ili 

11) 

24ili 

IN 

5 

J 

1 

1,7 

26J/ 

K 

7 

M 

11 

K 

4847  S  Viri/inis. 
DM.  Mag. 

—  5''37II  1.05 
0.15 
7.34 
7.(59 
7.91 
8.00 
8.25 
8.89 
9.00 
8.90 


-5°37m; 
-6°3839 
-5°3702 
-5°3730 
-7-3633 
-6°3843 
-7°3635 
-4°3527 
-6°3834 


n 

10717 

10.17 

1017 
o 


I 
2M 

13 


4847 
Star 
F 


S  Viri/inis.  —  Cont. 


Q 
Uj 

IS 

u 

ir 

(/ 

.f 


DM. 

-4°3506 
-5°3735 
-6°3S27 
-5°3715 
-6°3832 
-(5°3836 
-(5°3840 
AAn4.dj>U 


Mag. 
9.46 
8.66 
9.45 
9.55 
9.53 

10.24 
9.72 

11.18 


4:.0n2.9pU    11.58 


n 

331 

31/ 

6 

31/ 

8 

8 

4 

1 

1 
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MICKO^IETRICAL   MEASURES   OF   THE   STELLAR   SYSTE:sr,  E.  70  OP/T^T^rC'///, 


M.\DK    AT    rilE    I.DWF.I.t.    OlisKIJV ATOK Y, 

Bv  T.  .J.  .1.  SEE. 


Tho  great  intere.st  attacliiiig  to  the  system  of  F.  70 
Ophiiichi  has  induced  me  to  measure  it  on  the  first  avail- 
able opportunity,  notwithstanding  the  northern  location  of 
the  objeet,  tliirty-two  degrees  from  the  border  of  the  south- 
ern zone  to  which  our  double-star  work  is  principally 
confined.  Though  I  have  examined  the  star  on  several 
evenings,  under  very  high  powers  and  with  steady  images, 
I  have  not  found  any  certain  trace  of  a  third  star.  It  will 
be  seen  that  the  anomaly  in  the  motion  of  the  system  dis- 
cussed in  A.J.  363  remains  very  conspicuous.  The  position 
of  the  companion  accordingto  Schjjk's  orbit  (J. A'., 3220-21) 
is 

t  ft-  P.- 

1896.61  294°.38         2".36 

By  the  mean  measures  given  below  it  appears  that  the 
residual  in  angle  has  steadily  increased,  and  now  amounts 
to  about  siv  deijrees.  Our  measures  were  made  under  the 
splendid  definition  of  the  new  24-inch  Clark  refractor,  and 
the  conditions  were  so  favorable  that  I  think  the  results 
can  hardly  be  affected  by  any  considerable  errors. 
Lowell  Observatory,  Fla/jstaf,  Arizona,  IS'JO  Au;/ust. 


1S9()..")97 
IS'.IG.CflO 
1S96.602 
l.S9(;.()0,"i 

isi)(i.(;08 

1896.610 
1896. (;i.'! 
1896.627 

1896.608 


60 

287.8 
28().0 
2S8.8 
288.4 
288.5 
288.1) 
288.1 
287.3 

288.0 


Pn 

2.22 
2.33 
2.38 
2. 16 
2.00 
2.17 
1.90 
1.90 

'2II 


no  trace  of  a  third  star 
round  with  1000 

with  new  micrometer 

tt         It  a 

Sn     See 


Jly  Assistant,  .Mr.  W.   A.  Cooshai.l,  S.I!. 
tlie  following  observations : 


lias  securet 


1896.610 

288^5 

Po 

II 

2.43 

1896.613 

289.3 

2.07 

1896.627 

286.7 

1.89 

1896.(il9 

288.2 

2.13 

3«.     Cogshall 


TWO   NEW   SOUTHERN   VARLIBLES, 

By  ROBERT    H.  WEST. 
These  following  stars  are  found  in  the  list  of  suspected 
variables  in  the  introduction  to  the  Cordoba  Durchmus- 
teninrj,  the  data  from  which  are  given  below  for  comparison 
with  my  observations. 


C.DM.  -34°4482.* 


a  =  S''  7"  •53'.4 
Cordoba  observations  : 


My  observations  are : 


8  =  —U°  45'.9     (1875.0). 


1890  April  18 

9.0 

19 

9.5 

1891  Jan.      6 

10.0 

1892  May    29 

8.25 

1896  Feb.      6 

8.8 

March  5 

8.5 

April    1 

8.4 

*2933  YPiippis;  Ed. 

Syrian  Protestant  CoUer/e,  Beirut,  Syria,  189(5  Auy.  4. 


April  16 
24 

8.2 
8.15 

jNIay      6 

8.5 

The  star  is  reddish 


C.DM.  -24°12600.t 


a  =  !()'■  4'"  2.i-.S 

;     8  =  —24°  34 '.4 

(1S7.-..0). 

Cordoba  observations  : 

1887  May    13 

9.0 

24 

9.3 

1891  Sept.    3 

invisible 

Mv  observations : 

1895  June  11 

1L5 

Aug.   22 

10.2 

1896  June     8 

9.8 

Aug.      1 

12 

^o'96BXScorpii;  Ed. 


OBSERVATIONS   OF   COMET  d  189(5  {Giacobini), 

M.UJE   WITU   THE    12-INCU   TELESCOPE   OF    TUE    LICK   OBSEKVATORV, 

By  WILLIAM   J.  HUSSEY. 


1896  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

la. 

j8 

#'sa 
a 

pparent 

8 

log  /-A 
for  a       1     for  8 

h       111      s 

Sept.  5     8  13  13 

6  8  29  17 

7  8  26     3 

1 
2 

3 

14  ,  8 
16  ,  8 

8,8 

\\\         S 

+  1  16.98 
+0  34.81 
-1  48.15 

+2'  39.0 

+  2     4.7 
-2  35.5 

h      111       s 

17  13     5.02 
17  14  58.30 
17  16  54.24 

0        1         It 

-7  42  47.1 
-7  52  26.4 
-8     2  20.3 

9.384 
9.438 
9.435 

0.750 
0.785 
0.785 
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Mean  Places  for  1S9G.0  of  Covqmrison- Stars. 


\i        III        ■ 

17  11  4r..02 
17  II  •-'1.47 
17  IS  ol).37 


Reil.  to 
app.  place 


+  3.02 
+  3.(12 
-|-3.(»2 


Reil.  to 
app.  plaoc 


Aiitlioritv 


-7  45  19.0 
-7  r.4  25.(1 
-7  r.9  39.0 


-6.2 
-(>.l 
-5.8 


Muiiieli  II,  C508 

.\  (Munich  I,  1380()  +  Sj.  CKSI 

Munich  II,  657() 


ro:MET  d  189G. 


This  was  discovered  at  Nice  Sept.  ."> 
and  its  position  telegraphed  from  Kiel. 
Sept.  4.3449  Green  w.  M.T.     «  =  1  7''  10" 

Observations  have  been  received  as  f"l 
from  the  Lick  Observatory- : 

Greenw.  M.T.  u 


M  r.  (  ;iA<  i>l:IN  I. 

;>,   8  =  -7^2'J' 
vs.  by  telegrapli. 


ii     III 
17  13 


5.0 


1896  Sept.  .■).(i804 

6.(;9Ui  17   14  .".S..S 

7.0903  17    ICi  ."i4.1' 

From  the  U.S.  Naval  Observatory 

Greeiiw.  M.T.  a 

ii 


—  I 
-8 


& 

42  42' 

o2  2(i 

2  20 


Hussev 


1896  Sept.  S.5(>02 
9.5770 


17   IS  41.4 
17  20  37.6 


-8  10     9 
-8  20  36 


Brown 


Also,  from  the  University  of  California,  tl 
elements  and  ephenieris,  computed  by  Messrs. 
Cu.^WKOKD  from  observations  of  Sept.  6.  7.  S  : 

T  =   1896  Oct.  10.34  Green w.  M.T 

u)   =  154°  48) 

Q  =  195  34  Ul.  pAi.lSf 
/  =        9     6) 

7    =  1.1127 


iC  following 
Skakks  and 


'Al.  1896.0 


Ephemekis   foi;   (!ici:i:n wh  m    Miumi 
ISi'O  "  8 


Sept.  12.5 
16.5 
20.5 
24.5 


17 
17 
17 

IS 


.'7   16 
!7   16 

IS  ;!(i 

1    24 


-  8  52 

-  9  3(i 

-10  21 
-11     7 


IIT. 

Br. 
1.31 


1.6, 


COMET  e  189(). 

.\n  announcement  of  this  comet  was  forwarded  by  ^Ir. 
W.  K.  Brooks,  and  transmitted  to  the  Editor  by  Mr. 
Ritchie  of  the  Science  Obserrer.  It  was  round,  faint,  and 
diffused.  Some  days  later  !Mr.  Ritchik  also  communicated 
the  fact  that  it  had  been  first  seen  by  Mr.  Spkkra  at  Ran- 
dolph, Oliio,  who  had  written  Sept.  1  to  Prof.  Keelek  of 
Allegheny  (Observatory,  Pennsylvania,  that  he  had  found  a 
nebulous  object  Aug.  31  which  showed  motion. 

Mr.  Ritchie  has  also  sent  observations,  made  at  the 
Lick  Observatory  by  Messrs.  Hussev  and  Pekkixe,  and 
forwarded  by  telegraph. 

Greenw.  M.T.  u  h 


Sept.  6.8355 

8.7176 

ll.(i956 


13  51   44.1 

14  4  54.6 
14  25  39.1 


+  55  24  52 
+  55  9  35 
+  54  35  43 


!Mr.  Sperka's  observations  were  (probablj'  in  Washington 
time) 


Aug.  31   9  14         13     8  25         +55  40 

Sept.    1       —         I;:   U   "0         +55  43 

Elements  and  an  eiihemeris  have  been  computed  by 
Messrs.  Seares  and  Crawford  of  the  University  of  Cali- 
fornia from  observations  Sejit.  6,  8  and  11,  and  forwarded 

by  telegraph. 

T  =    1896  July  10.()4  Greenw.  M.T. 


w    = 

40  39 

Q.  = 

151     2 

i   = 

88  25 

1    = 

1.1399 

EpHEMERIS    for     GrEEXWK  U     .MlDNK 

111'. 

1S9G 

a 

8 

Hr. 

\i       m       6 

0 

Sept.  14.5 

14  49     0 

+  53  53 

0.91 

18.5 

15  11  36 

+  52  37 

22.5 

15  37     0 

+  51    :; 

26.5 

16     0  52 

+40  ir> 

o.7( 
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